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PREFACE 


‘ropical cyclones, which frequently are attended by wind 
cities of 100 to 140 miles per hour with probably greater 
cities In some instances in certain parts of the cyclonic area, 
agents of great destruction, not only to shipping in the open 
; but to all classes of structures on islands and coast lines 
sontinents. More than 6,000 human beings have lost their 
S$ In a single tropical cyclone on this continent and many 
‘e lives have been taken by such cyclones on other conti- 
ts, largely because of the fact that no extensive data and 
lies on which to base plans for protection had been published. 
. residence on the Mexican Gulf coast at Galveston, Texas, 
New Orleans, La., from 1889 to date (387 years), as meteor- 
‘ist and district forecaster in the Weather Bureau has im- 
ssed the writer with the importance of this subject, not 
y as regards the warning service for the protection of life and 
perty, and as an aid to construction and reclamation 
ineers in safeguarding against future loss of life and prop- 
, but from the scientific point of view as well. Stations of 
United States Weather Bureau, along the Atlantic and 
<ican Gulf coasts, were equipped with complete automatic 
rding meteorological instruments prior to the year 1900, 
all the data recorded in tropical cyclones during the suc- 
ling 25 years are given in tables and considered in this work. 
ertain phenomena recorded in connection with tropical 
ones can not be explained by the generally accepted ideas 
current theories regarding the action of the winds and the 
ribution of precipitation about the cyclonic center. 
tudies of cyclones heretofore have been based mainly on 
optic charts which do not enable the representation of the 
ds and other elements in their true relations to the move- 
1t of the center of cyclones. An important feature in this 
k is a new method which has been devised for charting the 
d directions and velocities, the precipitation, and other ele- 
its, which occur around the cyclonic center as the cyclone 
ances. This method makes possible for the first time, in 
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the study of cyclones, the correct representation of the wi 
direction and velocity, the distribution of precipitation, and t. 
cloud movements, as related to the cyclonic center in bo 
traveling and stationary cyclones. The cloud observations : 
these cyclones furnish a much greater amount of upper air da 
than has previously been available in the study of cyclones. T 
study of all the data here assembled brings out facts materia 
different from those generally represented in connection wi 
the phenomena of cyclones. These data show that the 
current, in which the cyclone travels, materially influences t 
direction and the velocity of the winds in the different pa 
of the cyclone at the earth’s surface, and by bringing about t 
convergence of winds determines to a great extent the distrib 
tion of precipitation in the cyclone and causes the center 
the cyclone to move towards the area of greatest precipitati 
intensity. The movements of the upper clouds do not sh 
a radial outflow of cirrus from the center of the cyclones. 
This work will be of value for all time because the lar 
amount of original matter contained therein is presented in 
manner which makes it available in convenient form for use 
checking these and other studies of cyclones not only in t 
region but in any part of the world and for use of meteorologi 
students, teachers, and engineers in further investigations 
a subject of primary importance in the advancement 
meteorology. The mathematician will find problems and d. 
fruitful for mathematical research. No such complete d 
bearing on the fundamental phenomena of the cyclone have b 
assembled and published for any part of the world. 
Numerous requests received for a paper by the writer 
“Relation of Changes in Storm Tides on the Coast of the G 
of Mexico to the Center and Movement of Hurricanes,” co: 
pleted in 1919 and published in the Monthly Weather Revi 
March, 1920, show that there is a demand for a work givi 
complete data and deductions regarding tropical cyclones in 
region. This paper is republished here in “Appendix A.” 
In view of the original methods followed in the preparati 
of this work and the conflicts in some of the conclusions, ba 
on the most complete data available, with preconceived ide 
and current theories I expect some meteorologists to tak 


PREFACE vii 


ition opposing my conclusions. I ask such differing meteor- 
rists to show: 
1) Wherein the methods of analysis and presentation are not 
nd and legitimate. 
2) Wherein the observational data are not accurate, ade- 
te, and definite. 
3) Wherein the inferences and interpretations of the evi- 
ce are not justified and correct. 
4) Where conflict arises with reference to preconceived ideas 
current theories to show the advantage of such ideas or 
ories over the views, explaining the causes of the phenomena 
the cyclone, advanced in this work. 
.cknowledgment is made here to Prof. C. F. Marvin, Chief 
he Weather Bureau, whose suggestions have aided me mate- 
ly in the preparation of this work, and to other Weather 
‘eau. officials who have rendered valued assistance. 
‘his study was completed:-in 1922, brought up to date in 1924, 
| since then has been slightly modified and arranged for 
lication. 

Isaac Monror Ciine. 
w Orleans, La., 
ober 13, 1925. 
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SYNOPSIS 


The intensity of and destructiveness attending tropical. 
clones make it of primary importance, both from a scientific 
id economic point of view, that their characteristics be de- 
rmined from the most complete records available. Regions 
aere no mountains are present to influence winds and pre- 
sitation and where complete records are available at several 
ations within the area traversed by the cyclones furnish the 
st field for study of such phenomena.) The records in tropical 
clones which have moved in over the Gulf and South Atlantic 
gions during the last 25 years have been assembled and dis- 
ssed. Tables are given which show the detailed hourly records 
id observations at from three to five stations in each cyclone 
ring the time the stations were within the cyclonic area. 
nese are given for sixteen cyclones which furnish a much larger 
nount of data within the cyclonic area proper than heretofore 
ive been used in the studies of these disturbances. 

In this study a new method has been devised for charting 
eteorological records during the passage of tropical cyclones. 
his method gives a diagram showing the phenomena at many 
ints in different portions of the cyclonic area, in their proper 
lation to the cyclonic center at the time recorded, which is 
proximately equivalent to greatly multiplying the number of 
serving points within the cyclonic area on a synoptic chart. 
owever, this method goes beyond the synoptic chart in the 
ywer to represent the conditions as related to a storm center 
ith a continuous changing movement over the earth’s surface. 
he meteorological conditions which prevail in the different 
irts of each cyclone are shown on separate charts. These charts 
mtain the wind directions and velocities, precipitation in- 
nsity, and the cloud directions recorded during the passage of 
e cyclone. Complete and detailed distribution of precipita- 
on along the path of a tropical cyclone is shown in one case 
ering its passage through a period of five days and over a 
stance of 2000 miles after it moved inland on the Gulf Coast. 
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Isobaric charts based on the most complete barometric va 
ings of record, in tropical cyclones, showing isobars and signi 
cant changes in their shapes, and variations in the intensity 0 
the cyclone at short intervals of time as the storm ae 
are given for three of the largest and most intense cyclone 

The mass of detailed data presented brings out some i 
portant facts. Surface winds about the cyclonic center 5, 
influenced in a pronounced manner by the air current in whiel 
the cyclone travels. In the right rear quadrant the winds blot 
strongly in the same general direction as that in which th 
cyclone is traveling. A decided convergence of the winds of th 
right rear quadrant with those of the right front quadrant occur 
in the neighborhood of the line dividing the storm area int 
front and rear halves. The winds are strongest in the right hal 
while in the left half they are much weaker with a genera 
movement back along the line of advance and a rather shar 
incurvature in the rear towards the strong indraught of th 
winds in the right rear quadrant. The precipitation occur 
mainly in the right front quadrant of the cyclones that continu 
to advance, and is the result of the wind movements in travelin 
cyclones. In cyclones which cease to advance the precipitatio 
occurs both in the front and rear of the cyclonic area, with th 
area of lowest pressure shifting towards the region of greates 
precipitation intensity, and such storms soon die out or after 
few days move off slowly, as very weak, ill-defined disturbance 
The source of moisture supply in the cyclones is through 7 
winds in the right rear quadrant. 

The position of heaviest rainfall indicates that part of th 
cyclone in which convection is most pronounced. Furthermor 
the position of greatest precipitation intensity is intimately co 
nected with the continuous redevelopment and direction < 
advance of the center of the cyclonic area; the barometri 
center of the cyclone moves toward the region of greatest pre 
cipitation. The cirrus clouds both in the front and rear of th 
larger cyclones have the same general direction as that in whie 
the cyclone is traveling, showing that the air currents in whie 
the larger cyclones travel extend into the cirrus region. In th 
smaller traveling cyclones the cirrus clouds follow more gener. 
their prevailing directions for the region where observed and 
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reater extent move on over the top of the cyclonic area, 
icating that the smaller cyclone travels in an air current 
ich does not extend up into the cirrus region. In cyclones 
ich cease to advance and die out, the cirrus clouds have con- 
ting directions and are often opposed to the direction in which 
cyclone has been traveling. In the sixteen cyclones studied | 
re is nothing to indicate the existence of a “dumbbell shaped 
tex,” and there is no spiral outflow of the cirrus from the 
yer part of the cyclonic area in all directions from the center. 
oroad view of the origin and continuous redevelopment of 
pical cyclones based on the data assembled is set forth. 
ures in parenthesis in the text refer to authorities cited in the 
liography at the end of the paper. 


SECTION ONE 


INTRODUCTION 


Cyclonic storms and the phenomena attending them ha 
received much attention from meteorological students durit 
the last 75 years, but up to the present time no one has pu 
lished an intimate study of what has actually occurred at sho 
intervals of time and space during the passing of the cyclot 
based on the records made at several stations in different par 
of the cyclonic area. Algue (10) in his valuable contributic 
to the subject made 20 years ago gives the detailed observatiot 
at one station (Manila) in each of six cyclones. Diagram 
based on theory showing the ideal spiral inward circulation 
the air around the cyclonic center are given in the text-bool 
and in some instances synoptic weather charts are reproduce 
On the weather maps the points of observation are widely seps 
rated, the observations are instantaneous, and we do not get 
sufficient number of records to give us a true conception of 
actual wind directions and velocities and the distribution | 
precipitation intensity in the different parts of the cyclone. 

When I was authorized by the.Chief of the Weather Burea 
to prosecute the study of the relations of changes in storm tide 
observed on the coast of the Gulf of Mexico, to the center al 
movement of hurricanes (2), he instructed me to show al 
the forces operating in the cyclone which produce the stor 
tides as they occur in these cyclones. 

The storm tides in all cyclones occur on the coast main 
to the right of the line along which the center of the storm 
been advancing. The tides appear when the cyclonic cent 
is 500 to 1000 miles distant in space, and two to four days 
time, and they rise steadily on coast lines in the right hai 
front of the cyclone, but not to any great extent to the h 
of the line along which the center of the cyclone has be 
advancing. The rise in the tide changes position following ai 
change in the direction of movement of the storm area, the r 
keeping to the right of the line along which the storm cent 
was traveling. The winds in the cyclones produce the tides; t 
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orm spiral inward circulation around the cyclonic center 
1e earth’s surface, as described and usually shown by dia- 
1s in text-books, would not produce the tides as recorded in 
ection with these cyclones. With this in mind I began, in 
, the collation and study of all the facts recorded in con- 
ion with tropical cyclones in the Gulf and South Atlantic 
ys, for the purpose of determining whether or not the gen- 
y accepted theory of the spiral inward circulation, as applied 
finds at the earth’s surface in traveling tropical cyclones, 
ld stand the test of recorded facts. 

1e intensity of precipitation in the different portions of the 
me, which unquestionably is governed by the winds in the 
n area, has not so far as we can ascertain been studied for 
locality free from mountainous influences. Maps showing 
| rainfall recorded at various points over which a tropical 
me has passed do not give any clear idea of rainfall intensity 
ne different parts of the cyclone as related to its moving 
er, 

1e importance of determining the position of heaviest pre- 
ation and the points of localized convection as related to 
cyclonic center has recently been emphasized by Shaw (3) 
1e following statement: 


“We have no very satisfactory information about the dis- 
tribution of precipitation in a tropical revolving storm. . . 
Within the area of a cyclonic depression, convection may 
be of extreme violence, but it is not by any means uniform. 
The localizing of convection points apparently to the line 
along which additions to our knowledge might be made with 
advantage, and the accurate tracing of the position of rain 
areas must be of importance not only for the further in- 
vestigation of the polar front, but for many other sides of 
meteorological investigations.” 


. this work, by the use of the new method of charting the 
nomena of the cyclone, we will show accurately the actual 
ipitation intensity in different parts of the cyclone as related 
he cyclonic center both in traveling cyclones and in those 
+h cease to advance. 
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Previous Stupres or WINDS IN TroPiIcaAL CycLONES 


Results of previous studies, by meteorologists, of the dir 
tion of the winds and their incurvature in tropical cyclones 
cited below and authorities are quoted briefly because the pi 
lications containing such studies are not generally available 
readers. 

Shaw, (1), who has given more attention to the study of wi 
in cyclones in general than has any meteorologist since Fer 
speaking of the winds in tropical cyclones, says: 

“Possibly gradual incurvature from all sides may ft 
place in the case of tropical hurricanes which move slo 
compared with the winds that occur with them; the or 
of relative magnitude may be taken as ten miles an h 
for the motion of the center as compared with 100 m 
an hour for the motion of the hurricane winds. But obj 
vations upon such a point are not very numerous; obsel 
tions of any sort during a hurricane are indeed speci 
difficult, and a good deal of our knowledge about them m 
necessarily be by inference.” 


This statement from a meteorologist so eminent as § 
emphasizes the fact that heretofore studies to determine w 
takes place within tropical cyclones have been based on a paugi 
of observations within the storm itself and that much of 
present knowledge regarding the winds, precipitation, pressw 
and temperature conditions and changes in tropical cyclo 
has been reached by inference. 

Birt (5) called attention some seventy years ago, to 
effects of the progressive and cyclonic motions on the directi 
of the winds in the cyclonic area. 

Ferrel (4, 6) almost 50 years ago gave us a tangible thi 
on the “Resultants of Cyclonic and Progressive Motions,” 
although promulgated nearly half a century ago, this theory 
not received the attention from meteorological students 
writers the importance of the subject merits. The diagramn 
representation which Ferrel used to show the combined ef 
of a cyclonic circulation advancing through the trade-wind 
of the Caribbean Sea, was probably the first clear stater 
indicating the distortion of cyclonic winds resultant from 
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nbination of conditions. He pointed out that in the front 
ach an advancing cyclone, the inclination of the winds 
rds the center would be decreased to a direction almost 
eht angles to the storm’s radius, while in the rear, the re- 
nt winds would assume a direction more nearly radial, i.e., 
more directly towards the center of the cyclone. On the 
-hand side of the line of advance re-enforcement of the 
velocities with little change in direction, and a similar 
nution of velocities on the left-hand side, was shown to occur 
result of the combination of cyclonic and general winds. 
me important studies of the wind directions and the force of 
winds in the different parts of tropical cyclones, in the 
al localities where they occur, have been made by capable 
hand investigators on the ground, and all these confirm in 
eral way Ferrel’s theory referred to above. 
nes (7) in 1876, prior to the publication of Ferrel’s theory, 
1 attention to the fact that the winds in the rear of the 
cal cyclones which he studied showed a great deviation 
rds the center “not only at a distance from the vortex, 
ven in its vicinity.” 
discussing the winds in a cyclone in the Arabian Sea, 1881, 
nbers (8) refers to his Figure 1, Plate XXXVI, and says: 


“Tt will be at once seen by an inspection of this diagram, 
that although looking from the center, the winds in each 
yetant of the cyclone turn towards the left-hand and gen- 
srally inward towards the center, they do not make equal 
ungles with the radius of the cyclone in all octants.” 


gives the wind directions for the different. octants, those 
e left rear quadrant showing an angle with the radius of 
© 37°, while those in the right front quadrant show an 
_ with the radius ranging from 61° to 92°. The winds in 
ear are inclined towards the center, while the inclination 
rds the center in the right-hand front quadrant is less than 
ner parts of the cyclone. 

ambers (8) also says: 


‘Another important deviation from perfect symmetry is 
hat the winds in the northeast, east, southeast, and south 
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octants are much stronger than those in the southwest, we 
northwest, and north octants.” 


Diagrams illustrating this storm show that the storm cent 
moved in a direction towards the north-northwest and theref 
the octants having the stronger winds fall in the right and tho 
having weaker winds in the left half of the cyclone. 

Doberck (9) in his studies of “Storms in the Eastern Se 
calls attention to the deviation of the inclination of the wi 
towards the cyclonic center in the different parts of the cyclot 
as a result of the prevailing winds in the region and says: 


“The prevailing wind not only carries the center ald 
with it but combines with the rotary storm, causing 
wind in the right-hand (the dangerous) semi-circle to 
stronger and to blow more nearly around the center tl 
in the left-hand (the manageable) semi-circle, where # 
wind is more moderate and blows with greater incurvati 
towards the center. It also causes the wind to blow straig 
in towards the center behind the typhoon and to blow m@ 
across the path in front of the center. It also makes | 
weather heavier after the center is passed than it was wil 
the center was approaching. } 

“Less than a half a mile up in the air the incurvat 
of the wind towards the center disappears in the average! 
the quadrants, but it still blows in towards the center in # 
rear. It is really the wind at this altitude that carries # 
typhoon along, for late in the autumn there are typhe 
every year that move along against the NE. monsoon, 
we know that the monsoon is at times very shallow #® 
there is southwest wind above it. These typhoons disap 
sometimes suddenly; evidently when the NE. monsoon 
creases in depth and intensity.” 


In commenting on the influence of the progressive move 
of the storm area on the winds in the cyclone, Algue (10) 


“The wind directions will be less convergent on the fm 
side, owing to the progressive movement of the cyclo 
so that they will more approach a circular form than is 
case in the rear. The directions of the wind on the 
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sides of the track undergo, owing to the direction of the 
track and the intensity of the progressive movement, 
changes which are all the greater the greater the velocity 
of the cyclone.” 


umphreys, in speaking of the direction of the winds in 
mes (11), says: 


“From the directions of winds in and about a region of 
low barometric pressure, as given on synoptic charts, Fig. 
98, for instance, it is often, perhaps usually, inferred that 
cyclonic winds circulate spirally inward and upward and 
then outward and upward, counter-clockwise in the north- 
ern hemisphere, clockwise in the southern, around a storm 
axis. This indeed is, in general, the course of the winds in 
tropical cyclones, especially in those that are violent and 
of small diameter, as the eye of the storm and directions of 
cloud movements clearly indicate, but it does not apply to 
extra-tropical cyclones, except, perhaps, to the occasional 
ones of great violence and small diameter. 

“Synoptic weather charts, therefore, show instantaneous 
wind directions, but not wind-paths. This is because the 
storm condition itself is moving forward—moving, indeed, 
with a velocity nearly always comparable to, and at times 
even faster than, that of the lower winds themselves.” 


nature we have to deal, as a rule, with traveling cyclones, 
the actual winds.as they occur at the earth’s surface, and 
e, in cyclones, are matters of much greater importance than 
ideal spiral circulation based on theory. The winds in 
sling cyclones can not be considered properly without taking 
account the air current in which the cyclone is traveling as 
influences the winds in the cyclone itself. 

arvin (12), in discussing the steady motions of winds within 
between high and low-pressure areas has referred to this 
act and says: 


“Cyclones and anticyclones are well-defined cases of wind 
systems following strongly curved isobars, and the funda- 
mental conditions of steady motions are illustrated in 
Figure 5. A “HIGH,” anticyclone, and a “LOW,” cyclone, 
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are shown in juxtaposition and with closed isobars draw 
as circles only to simplify the presentation. No suggestid 
is implied that this diagram represents Nature, except thi 
when, in any actual cases, the gradients, curvature of tf 
isobars, and friction are of the kind shown at any pi 
ticular point on the diagram; then the velocities of steai 
motion will be of the nature indicated. Moreover, 1 
motion will be that with reference to the existing press 
system at the time and place. It is well known that Hig 
and Lows travel at considerable velocities in definite dire 
tions. Therefore, the actual motion of the winds over 
ground will be those compounded from (1) the motio 
appropriate to the system of curved isobars and (2) f 
motions of the system as a whole.” 


After giving equations, Prof. Marvin adds: 


“While equations (15) and (17) are basic and fun 
mental as defining the general steady motions of the 
mosphere, yet diversity of conditions, irregularity of pr 
sure distribution, changes with time before a state 
equilibrium is attained, errors in mapping supposed et 
ditions, and other factors combine to make natural wim 
in particular cases differ widely and frequently from 
theoretical deductions herein presented.” 


In a paper issued recently, Shaw (3) in referring to a dise 
sion by Lord Rayleigh on the subject of “Revolving Fluids 
the Atmosphere,” in which Rayleigh had set forth the vi 
that if fluid had any vorticity to start with and was carried ale 
in a current of air the results would be the combination 
translation with rotation, says: 


“T wrote Lord Rayleigh to explain that, although it 
be exemplified in tornadoes and revolving tropical stor 
and in spite of the fact that tropical revolving storms sot 
times passed continuously from their original condition 
cyclonic depressions in our areas, I had been unable to f 
any evidence of the existence of revolving fluid, such 
he described in the winds of cyclonic depressions of | 
latitudes. He was unconvinced; and on further consideé 
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ion I recognized that in looking for pictorial evidence of 
‘evolving fluid I had not taken proper account of the fact 
‘which ought to have been obvious to anyone during the 
ast fifty years) that if the revolving fluid were carried 
along by a current of air the winds would represent, not 
simply the rotation, but the combination of translation with . 
otation.”. 


rther along in discussing “Examples of Cyclonic Circula- 
Shaw (3), referring to tropical revolving cyclones, says: 


“They begin by traveling with the velocity of the normal 
current in the region of their origin, about 10 miles per 
10ur, from the east, and pass round the anticyclones of the 
Tropics into the westerly currents of the middle latitudes, 
where their velocity of travel is increased and their intensity 
s diminished.” 


discussing the origin of tropical cyclones, Dr. Harold 
ys (3) says: 

“Tt may be remarked that it is not necessary to the con- 
inuance of a storm that the causes that brought it into 
yeing should retain their efficacy. In particular it is not 
1ecessary that a strong vertical current should persist. 
When the revolving column is started, mere inertia will 
<eep it going for a considerable time in spite of friction. 
[his is probably the chief reason why such storms are 
ible to move so far towards the poles when they have once 
yeen formed. A revolving storm would naturally be ex- 
ected to have a motion of translation on this theory. The 
‘conditions of its formation require it to start in the Tropics 
nut not at the Equator, since a storm formed at the 
Hquator could acquire no rotation. Thus all such storms 
start in the regions of the trade winds and the air forming 
heir cores has initially the general motion of the places 
where they form. It retains this, only changing it in con- 
sequence of the widespread pressure difference in the regions 
through which it passes. Thus these storms have usually 
velocities of translation not very different from those of 
the general winds of their surroundings.” 
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Material improvement in the accuracy of weather fam 
casting can no doubt be obtained when we have more compl 
knowledge of what actually takes place at short intervals ¢ 
time and space in cyclonic disturbances: Our object in f 
study is to show, more definitely than has previously been dow 
(a) the distribution of pressure as related to the cyclonic cen 
(b) the curvature of the isobars at various distances from 
storm center, (c) the changes which take place in pressure d 
tribution as the cyclone advances, (d) the wind directions ai 
velocities as related to the cyclonic center, in the several pat 
of the cyclonic area, at short intervals of time and space, (e) f 
portions of the cyclonic area in which the convergence of 
currents occurs, and (f) the time and place of greatest precipi 
tion intensity as related to the cyclonic center in_ tropil 
cyclones. 


PERSONAL CONTACTS WITH TROPICAL CYCLONES 


During the period, 1900 to 1924, ten tropical cyclones ini 
enced conditions at the station where the writer has been locat 
We have been in the various parts of the cyclonic area fr@ 
the center outward in nearly every direction, and these persol 
contacts during these 25 years have developed an interest 
the characteristics of cyclones and have prompted studies dea 
with their more important elements. The cyclones in w. 
we have had personal experiences include those most notable 
the history of this region and are as follows: 

1900, September 8; Galveston, where the cyclonic cen 
moved northward about 20 miles to the west of that pla 
leaving us in the right-hand half near the line along which 
center advanced (13). 

1901, August 14-15; New Orleans; when the storm ce 
curved and moved towards the northeast, leaving us 75 mil 
to the westward in the left-hand half. In this instance t 
front of the storm curved over New Orleans (14). 

1906, September 26-27; New Orleans; when the storm cent 
moved northward about 65 miles to the east, leaving us in t 
left-hand half of the cyclonic area (15). 

1909, September 19-21; New Orleans; when the center of : 
storm moved northward 65 miles to the west of that stati 
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a slight curvature to the right as it passed by the station, 
ing us in the right-hand half (16). 

15, August 14-22; New Orleans; when the center of the 
n moved across the Gulf of Mexico towards the northwest, 
ing us 250 miles to the northeastward in the right-hand 
(17). ; 
15, September 29-30; New Orleans; when the storm 
er moved northward about 14 miles west of the station, leav- 
is in the right-hand half near the line along which the center 
inced. The storm center curved slightly as it passed the 
on (18). 

16, July 5-6; New Orleans; when the storm center moved 
hward about 60 miles to the east of the station, leaving us 
.e left-hand half of the cyclonic area (19). 

17, September 26-28; New Orleans; in the front of the line 
dvance of the center and later in the left-hand half when 
storm, after moving towards the northwest, curved sharply 
he northeastward off the mouth of the Mississippi River, 
ing New Orleans about 130 miles to the northwestward (20). 
19, September 11-14; New Orleans; in the right-hand half 
a the storm moved first toward the northwest and then 
ward across the Gulf of Mexico, leaving New Orleans 225 
s to the northward (21). 

20, September 21-22; New Orleans; in the right-hand half 
1 the storm center moved northward about 65 miles to the 
ward of that place (22). 


SECTION TWO—SPECIAL FEATURES 


UnirormM NoMENCLATURE 


_ Many writers, when describing the characteristics of cyclone 
use the points of the compass in designating a particular part 
the cyclonic area, and the conditions prevailing in that part @ 
the cyclone. If all cyclones traveled in one direction such desi 
nations would answer, but cyclones travel towards every poi 
of the compass, and we know that in a cyclone traveling towaml 
the east the characteristics on the north side are much differe 
from the characteristics found on the north side of a cyclot 
traveling towards the west, in the same hemisphere. For 
sake of clearness and to avoid the necessity for the stude 
having to refer to maps in order readily to understand wht 
particular part of the cyclone is being considered, some unifo 
nomenclature designating the different parts of the cyclone 
based on their forward movement and the characteristics whi 
are peculiar to the different parts of the cyclone, should 
adopted. 5 

Since cyclones travel towards every point of the compas 
the terms, “front,” “rear,” “right,” or “left” half of the cyclon 
convey a more intelligent meaning as regards a particular pa 
of the cyclonic area, and the conditions attending the cyclon 
than the terms “north,” “east,” “south,” and “west,” and inte 
mediate points of the compass. Quadrants should be refe 
to as, “right front” or “right rear” quadrants, and “left rea 
or “left front” quadrants to the exclusion of the points of # 
compass. In all charts of cyclones the front should be desi 
nated by an arrow. The above described nomenclature y 
be used in discussing cyclones in this paper. 


LIMITATIONS oF OspseRvATIONS Maps in THE Tropics 


We recognize that meteorological observations made in f 
tropics and especially over water areas are preferable for use 
the study of tropical cyclones. But observation stations in # 
tropics are widely scattered and as a rule, notwithstanding t 
stations may be near sea level, the islands are mountainous ne 
the stations. The mountains on the tropical islands deflect t 
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1s from the direction which would result in a plains region 
also modify in a variable degree the velocity of the wind. 
chermore it is not possible at such stations to distinguish 
orographic precipitation from that which results from the 
rergence of the winds in the cyclone. 

sports from ships at sea are desirable, but it is a well known 
that ships avoid hurricanes and consequently the observa- 
; made by ships in a hurricane are few in number and 
ly scattered. The location of the ship’s position cannot be 
rately determined because of the cloudiness attending the 
icane. Masters of ships who have gone through hurricanes 
> told me that when they succeeded in correctly locating 
* position after having been through a storm they often 
d they were 50 or more miles from their estimated position. 
tain Lecky, in “Wrinkles on Practical Navigation,’ com- 
ting on this point, says: 


“Owing to the fact that a ship is not a fixed observatory, 
and that the determination of the wind force on a steam- 
ship is far from easy, confusion can only result from efforts 
at a measure of the angle of indraught by means of observa- 
tions taken on board ships under the influences of a hurri- 
cane when there are other matters to be safeguarded.” .. . 

And he further adds: ‘Hurricanes in low latitudes are of 
small radius and great intensity, an unknown sea surface 
and lack of ship’s position by observation are quite common 
on such occasions; and consequently conclusions based on 
such uncertain data are worse than useless—they are mis- 
leading.” 


have been closely identified with marine meteorological 
for 37 years, especially with ships whose courses were in 
egions traversed by tropical hurricanes and have been on 
1 ship in an intense hurricane. The masters and officers 
ips are conscientious and careful in this work, but due to 
itions existing in a hurricane they have their limitations. 
> from the difficulty of determining the locations of vessels 
iricanes, the great value of reports from vessels should not 
verlooked. For purposes of forecasting and the general 
7 of storms of all kinds at sea, as well as of oceanic cli- 
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matology, the services rendered by ship masters can not 
overestimated. 


CLIMATIC CHARACTERISTICS OF THE GuLF Coast REGION 


The Gulf and South Atlantic coasts, on account of the larg 
extent of coastal plain with no elevated areas, appear to furni 
the most suitable conditions anywhere to be found for the stut 
of the winds and the causes of precipitation in tropical cyclon 

Well-defined tropical climatic conditions extend far north ®t 
the Gulf region during the hurricane season. Here, during th 
summer months, a well-defined monsoonal condition (4, 23, 41 
prevails, a continuation of the easterly trade winds curving ov 
the Gulf and coming in on the coast of the Gulf of Mexico fro 
a southeasterly to southerly direction with an average velocil 
of 10 to 12 miles per hour during July, August, and Septembe 
This warm air current, nearly saturated with moisture, is | 
times approximately 1000 miles wide and two to sometimé 
five miles deep. Kite observations (24) at Groesbeck, Tex 

- 160 miles inland from the coast, and Broken Arrow, Oklahom 
500 miles inland, taken in conjunction with directions of cirrt 
clouds farther to the east during the passage of tropical cycloni 
show that the winds over this region at times have a depth @ 
between two and three miles, and in some cases the altitude 
still greater before the prevailing westerly drift of the atme 
phere overcomes the monsoonal winds. 

The importance of the monsoonal wind as a factor in ft 
climatic control of this region must receive careful attenti 
in the study of the subject under consideration. The prevailin 
moist, southerly winds intensify the tropical conditions | 
regards temperature and moisture which prevail during # 
summer months over the Gulf Coast region. This applies pé 
ticularly to that area lying between longitude 87° and 10 
with an elevation below 500 feet. « 


CHANGES WITH LATITUDE 


In studying tropical cyclones during their passage throu 
extra-tropical latitudes, the question naturally arises; To wh 
extent do they retain their tropical characteristics? While t 
majority of these storms originate south of Lat. 23° 30’, f 
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ses they follow, and frequently their periods of greatest 
isity, are found well outside of the intertropical region, 
1 several hundred miles north of the Tropic of Cancer. 
r passing outside the tropics, these storms travel for long 
nces through latitudes which at that season, have tropical 
atic conditions, and while in such regions it may be inferred 
they retain their tropical characteristics, except as slowly 
ified by the effects of increasing latitude. 

1e influence of latitude up to 40° is not very great. Hum- 
ys (11) gives the values of deflective tendency, due to the 
Vs rotation, in degrees per hour at different latitudes as 
WSs: 


tude (dex) foe" 20" 9925+. 30 ~sehF 40 
active tendency (deg.) 3.89 5.14 6.36 7.53 8.63 9.68 


se represent the values of the rate of change of wind direc- 
; over the earth’s surface, due solely to the earth’s rotation 
ning no friction, visosity, or disturbing pressure gradient. 
; evident that the deflective influence will be diminished 
1e actual case of a tropical cyclone due to the presence of 
causes which are assumed, in the above table, not to be 
ant. The latitude effect in this region being small, only 
t one degree of increase in deflective change in each 5° of 
ude, it may be safely assumed that except for a tendency to 
den the cyclonic field there will be no material change in 
characteristics of a tropical cyclone moving from 20 to 35 
ees latitude through a region having tropical climatic 
acteristics. | 


RLY WIND DrrecTion, VELOCITY, AND PRECIPITATION, AS 
\TED TO THE CENTER AND MoveMENT oF TROPICAL CYCLONES 


1e United States Weather Bureau has very complete records 
_self-gecording instruments at from two to six stations in the 
; traversed by sixteen tropical cyclones under consideration 
h have moved in over the Gulf and South Atlantic regions 
ag the last 25 years. The wind is recorded in miles per hour, 
the directions for each minute; the precipitation is recorded 
undredths of an inch, showing the time and rate of fall so 

the intensity can easily be determined. The directions 
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of upper air movements are shown by eye observations of clot 
movements. Much valuable knowledge can be obtained | 
charting and studying the hourly wind velocity and directi@f 
cloud directions, and the hourly precipitation at individual s 
tions during the passage of a tropical cyclone. In the presen 
study these data have been assembled and charted so as 
show in detail what occurred at the individual stations as { 
cyclone advanced. In this manner we find out exactly wh 
occurs at stations while in front and also in the rear, of @ 
cyclone. 

Cyclones seldom advance along straight lines, therefore # 
path followed by the cyclonic center, and its hourly movemem 
are first determined and charted. In determining the path ala 
which a given cyclonic center advanced and the time the cyclof 
center passed a given place, the records of the time of @ 
occurrence of the lowest pressure and the wind shift at statia 
in the line of advance of the center have been supplemented | 
the use of the time of the occurrence of the lowest pressure 
stations within the cyclonic area on either side of the line alo 
which the center advanced. These have been used in the manm 
we have previously illustrated in the Monthly Weather Revie 
(22). The location of the storm center at hours other th 
those determined as above has been interpolated, using all 
formation available. 


Mernop Usep 1n CHARTING 


The method followed in charting the hourly wind and precif 
tation and the cloud directions as related to the cyclonic cent 
for stations in the cyclonic area, is explained as follows: T 
path of each cyclone has been carefully determined and chart 
in the manner described above on a map drawn to scale; t 
stations in the storm area are located on this map in their proj 
geographical positions as related to the path along which f 
cyclonic center traveled. The points of the compass are ¢a 
fully drawn for each station within the cyclonic area as a gul 
in entering the successive wind and cloud directions, record 
as the cyclone advanced. 

The hourly wind and cloud directions, the wind veloer 
and the precipitation are charted on a sheet of transparent paf 
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cing paper) using the same scale as the map on which are 
m the path of the cyclone and the positions of the stations 
1e cyclonic area. This sheet of paper is divided into halves 
quarters by two straight lines intersecting each other at 
| angles in the center of the sheet. The direction of the 
ince of the cyclonic area is represented on the transparent 
x by the vertical line on the sheet, terminated by an arrow 
| at the top of the line. The line terminating with an arrow 
| divides the chart of the cyclonic area into right and left 
es, while the transverse line divides the cyclonic area into 
t and rear halves, with resulting quadrants. The map on 
h the path of the cyclonic center is plotted and on which 
stations within the cyclonic area are shown is used to repre- 
the earth’s surface, while the sheet of transparent paper 
led as above described is used to represent the moving 
nic area. 

1e positions of the stations of observation within the cyclonic 
_as related to the position of the cyclonic center, are con- 
ally changing because the storm is advancing over the earth’s 
ice, frequently along a curved line. The direction towards 
h a curving cyclonic center advances must be shown for 
hour in order that the entries of wind and precipitation 
-appear in their proper positions as related to the cyclonic 
er, represented on the movable sheet of transparent paper 
ne intersection of the cross lines. 

1e correct entry of the data recorded during the passage of 
cyclone is accomplished in the following manner. The 
‘section of the cross lines on the sheet represented as the 
ynic area is placed over the first hour on the path of the 
me, for which entry is to be made, with the arrow-line 
ting to the front and tangent to the path of the cyclone. 
sheet representing the cyclonic area is then advanced step 
tep to each successive hour along the plotted path of the 
me. When the intersection of the cross lines is placed 
ast any hourly position on the path of the cyclone and the 
with the arrow pointing to the front is tangent to the curve 
e path of the cyclonic center at that hour, the arrow then 
ates the direction in which the cyclonic center was ad- 
ing at that moment, and the entries made on the trans- 
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parent sheet for the corresponding hour show their prof 
- positions and directions as related to the cyclonic center at & 
intersection of the cross lines. 

As an illustration take the tropical cyclone of October 23-2 
1921. The path and hourly progress of this cyclonic area @ 
shown on Figure 1. The positions of the outer ends of ff 
hourly lines intersecting the line of advance of the storm ce 
at right angles are also shown some distance to the left of 
path by dotted points corresponding to each hourly position 
the center of the storm. This serves as an aid in entering a 
checking the data for any hour. ' 

The movable cyclonic area representing the cyclone of Octoht 
23-27, 1921, and the hourly winds and precipitation are chart? 
in Figure 35. This chart was prepared in conjunction W 
Figure 1 and will be used in explaining the manner of proced 
in preparing all charts. 

Take the chart Figure 35 and place the intersection of 
cross lines against the point indicating the storm center] 
4 a. m., October 23d, on Figure 1, the arrowed line pointing 
the direction in which the cyclone was traveling and tangt 
to the path of the cyclonic center; the first entry in the fro 
of the cyclone is then made for Key West, Fla., wind velocity, 
miles per hour with the direction as shown on the chart and @ 
inch of precipitation (the entries for Key West are for each 
hours), the chart is then advanced so that the intersection 
the cross lines, representing the cyclonic center, is against 
point for 6a. m., the arrow-line tangent to the path, when 1 
second entry for Key West is made, and so on for other ho 
The first entry at Tampa, Fla., is at 5 a. m., October 23d. 
first entry for Jacksonville, Fla., is made when the intersection 
the cross lines is against 1 a. m., October 24th; Savannah, 
midnight of the 24th-25th; and Charleston, S. C., at 6 a. 
October 25th, as these hours mark the entrance of the respect 
stations into the cyclonic field. 

Commencing at 4 a. m., October 23d, for the first entry, 
intersection of the cross lines representing the center of 
cyclonic area is advanced to each successive hourly posit 
keeping the line with the arrow pointing to the front and tang 
to the curved path of the cyclonic center, and the entries 0 
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and cloud directions, wind velocity, and precipitation, are 
hourly for each of the five stations within the cyclonic area 
the time the stations come into the front until the stations 
out through the rear of the cyclonic area. The last entry 
2y West, Fla., is made when the intersection of the cross 
is against midnight of October 25-26th; Tampa, Fla., at 
m., October 26th; Jacksonville, Fla., at 9 p. m., October 
and Savannah, Ga., and Charleston, S. C., when the inter- 
m of the cross lines of the cyclonic center is against mid- 
of October 26-27th, 1921. 


[ETEOROLOGICAL CoNDITIONS IN INDIVIDUAL CYCLONES 


urly records of pressure, temperature, precipitation, wind 
ion and velocity, and the kind and direction of the clouds 
ved at from two to eight first-order meteorological stations 
n the cyclone together with supplemental data are given 
<teen tropical cyclones in Tables I to XVIII. The distribu- 
yf these elements in the several cyclones as related to the 
ric center and the direction in which the cyclone was travel- 
‘e shown in Figures 2 to 53. 

der the method of charting previously described the hourly 
direction and velocity, the direction of the clouds observed, 
he hourly precipitation at the several stations in the 
lic area are shown for each station for all the cyclones in 
. the records are complete; the entries are made on the 
; in the exact positions, as related to the intersection of 
oss lines on the chart, that the stations bore to the cyclonic 
- at the hour of entry, from the time the front of the cyclonic 
‘eached the station until the time the station was left in 
ar of the cyclone. The light arrows appearing every hour 
ind directions, the figures to the left of the wind directions 
ne wind velocities, and the figures to the right of the 
directions are the hourly precipitation amounts; the 
- arrows represent the directions of the lower clouds and 
roken arrows represent the directions of the upper clouds 
rus types. Charted in this manner the data show the 
ions of wind and precipitation, at short intervals of time 
pace, in the different parts of the cyclonic area. The wind 
ions are thus shown not only at the earth’s surface, but 
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also in the cloud region. The characteristics of the cyclomt 

as brought out in the tables and illustrations, are discussed fit 

for the individual cyclone and then collectively for cyclones: 

similar sizes and types combined. 
é 


TropICaL CYCLONES IN THE GULF AND SouTH ATLANTIC REGi@ 
Of 


_ Figure 1. Path of tropical cyclone of October 23-27, 1921, and locations of sté 
in their relations to the movement of the cyclonic center. Used in illustra’ in 
method followed in charting the data around the cyclonic center. 


SECTION THREE—DATA IN CYCLONES 
I 


Tropica, CYCLONE or SEPTEMBER 6 TO 9, 1900 


.e records of meteorological conditions during the passage 
e tropical cyclone of September 6 to 9, 1900, (13) are given 
able I. The path followed by this cyclone is marked “A” 
igure.2. Galveston was the only station near the center of 
cyclone and the wind and precipitation records for that 
on are incomplete, the loss of record resulting from damage 
struments by the wind. For this reason. no chart of winds 
precipitation in this cyclone has been made. 
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ure 2. Tropical cyclones in the Gulf and South Atlantic regions, discussed 
nis book, grouped according to sizes and types. 
wrger cyclones which continued to trayel on moving inland: “A” September 
1900; “B” September 17-21, 1909; “C” August 15-22, 1915; “D” September 
, 1915; “EH” September 8-15, 1919;-“F” October 23-27, 1921. 

aller cyclones which continued to travel on moving inland: “G” September 
), 1906; “H” October 17-19, 1906; “I” October 10-13, 1909; “J” September 
1915, ‘ 
‘opical cyclones which ceased to advance on moving inland: “K” August 
, 1911; “LL” July 3-10, 1916; “M” July 12-16, 1916. 

opical cyclones which owing to irregular movements do not fall into either 
ne preceding classes: “N” September 27-29, 1917; “O” August 5-6, 1918; “P” 
: 19-30, 1921. 

orm tracks do not extend back to point of origin. 


II 


TROPICAL CYCLONE OF SEPTEMBER 26-27, 1906 


Detailed meteorological data recorded during the passage of 
> tropical cyclone of September 26-28, 1906 (15), are given 
Table II. The winds, precipitation, and clouds, as related to 
> movement of the cyclonic center, are given in Figure 3 for | 
*+h hour during the passage of the cyclone over Pensacola and 
ybile, in the right half, and New Orleans in the left half of 
» cyclonic area. This cyclone moved through the Yucatan 
annel into the Gulf of Mexico near the western end of Cuba, 
vanced towards a point little west of north, and moved inland 
the Mississippi Coast, as indicated by the storm path marked 
” on Figure 2. 

When this cyclone moved inland no marked intensity ap- 
ured outside the isobar of 29.7 inches, and in this instance the 
meter of the cyclone is considered as coming within this 
bar; the diameter of the cyclone on the line dividing it into 
nt and rear halves was 450 miles and on the line dividing 
mto right and left halves was 400 miles. The isobars spread 
> somewhat, showing a bulging on the left side. 
The wind directions in the right rear quadrant of the cyclonic 
a were of the same general direction as that in which the 
‘lone was traveling; the winds in the rightfront quadrant 
ww about the same inclination towards the center both at 
bile and Pensacola; the winds moved around through the 
t front quadrant into the left rear quadrant where the in- 
ation towards the center increased. The wind velocity at 
bile dropped from 46 miles at the time of the passage of the 
iter to 28 miles four hours later, while at Pensacola, only a 
rt distance in the rear and to the right of Mobile, farther 
ay from the cyclonic center, the wind continued above 30 
les per hour for 24 hours after the passage of the cyclonic 
iter; during the greater part of this time the wind at Mobile 
s only 8 to 20 miles per hour. 

[he directions of the lower clouds were generally the same as 
» surface winds except that in the right front quadrant the 
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iower clouds more than 150 miles in front of the center had 
direction different from the wind and were inclined somewha 
outward from the center, and in the left rear quadrant 
clouds 100 miles to the rear of the center shifted direction an 
turned more toward the center three hours earlier than th 
surface winds shifted to the same direction. 

Precipitation commenced in front of the cyclonic area whe 
the storm center was distant 18 hours in time and about 17 
miles in space. A decided increase in precipitation intensii 
commenced 100 miles in front of and fourteen hours before tl 
passage of the storm center, with the greatest intensity occurrit 
about two hours before the passage of the center. The precip 
tation after the passage of the line dividing the cyclone in 
front and rear halves was very small as compared to the amo 
in front of that line. The total precipitation at Pensaco 
Fla., to the right, was 3.25 inches, while at New Orleans, tl 
same distance to fie left of the center, it amounted to only 1, 
inches. There was a secondary rainfall at Pensacola, 150 
in the rear of the center, almost outside the cyclonic area, 2 
not used in the Pensacola total. 
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TROPICAL CYCLONES IN THE GULF AND SouTH ATLANTIC REGIO 
—Cline 


Frowr 


New Orleans. 
Pensacola. 
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Figure 3. Records made during the passage of the tropical cyclone, Septem 
26-27, 1906. Intersection of the cross lines represents the center of the eye 
Points of the small regular arrows rest on positions of stations at the time the 
were made. Figures on the left of the arrows are wind velocities in miles vere 
figures on the right of the arrows are the hourly precipitation measured to hundre 
of an inch. Brackets show the greatest hourly precipitation intensity. . 

Heavy arrows represent the directions of the lower clouds. 

Broken arrows represent the directions of the upper clouds, the cirrus t 

This cyclone falls in the group of the smaller traveling cyclones. 
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TROPICAL CYCLONE oF OcToser 17-19, 1906 


fourly meteorological data recorded during the passage of 
tropical cyclone through the Florida Straits, October 17-19, 
6, (25) are given in Table III. Owing to the sparsity of , 
earving stations complete isobaric maps are not obtainable, 
isobars appear mainly circular while over that region, with 
diameter of the cyclone about 350 miles. The path followed 
the center of this cyclone is designated by the letter “H,” 
ure 2. 

Vinds and precipitation in their relation to the position and 
ction of movement of the cyclonic center during the passage 
his cyclone are charted in Figure 4. The stations within this 
lone were Jupiter and Key West, Fla., 30 and 50 miles re- 
stively to the left of the line followed by the center, which 
ved across the Florida Straits and out into the Atlantic Ocean. 
Key West, 50 miles to the left of the center, the lower 
ids shifted direction, as the center approached, eight hours 
wre the surface wind shifted to the same direction; but at 
iter, nearer the line along which the center was advancing, 
surface wind shifted direction as the center approached five 
rs before the lower clouds shifted to the same direction. 

he total precipitation at Key West before the passage of the 
onic center was 2.74 inches, and only .04 of an inch occurred 
r the passage of the storm center. At Jupiter, 3.13 inches 
recipitation occurred before and 1.95 inches after the passage 
he storm center. This cyclone ceased traveling soon after 
senter passed Jupiter and it gradually filled up and died out. 
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TropicaL CycLONE IN THE Fiorina Straits, Ocroser 17 To 19, 1906 
TABLE III 75th Meridian Time 


‘Key West, Florida. Jupiter, Florida. 


Latitude 24° 33’ N. Longitude 81° 48’ W.|Latitude 26° 57’ N. Longitude 80° 07’ | 
To the left of the line followed by thel/To the left of the line followed by th 


center of the cyclone, 50 miles. center of the cyclone, 30 miles. 
nD [oa] 
3 DQ A n § 
o 8 CLOUDS 2 4 CLOUD 
= | es | 
mn 4 = n * Fen = 
Boje jee) Se Ble [| F) Sip 
} 3) al Z|) e/e is) 2 al &|e/s 
mH |4alblelgis mt L4albl el] eis 
Blel a] esa a fa) Ble! a] ela 
= a el<s/ a] eI A = ie} z AEl|< > mw] AR § 
4 | BARE EIA lF 9 BE} < |BRIS| B/AleS 
a Be ee Wa am Aenea 2s 24/415] @ am 
A |eZle(s IE IEa] & [Al A faZie|aA le lea! 
17th 17th 
1 a.m. | 29.72/73) 0 |ne 10 a.m. | 29.78/81] O fw. | 4 
, 2a.m, | 29.72/72) 0 Ine. 11 a.m. | 29.74/82] 0 |e. 7 
3 a.m. | 29.72/70} 0 |ne. 12 noon| 29.72/81] O |se.| 7,|.- 
4.a.m.|29.74171/0 |ne. 1 p.m. | 29.71/80] 0 |e. 9 ae 
5 a.m. | 29.74/72] 0 |e. 2 p.m. | 29.72/81] O |se. | {8% CU 
6 a.m. | 29.73/73] 0 |e 3 p.m. | 29.71/78] 0 Ise. 9 
7 a.m. | 29.73/77|0 |e 4p.m.| 29.72/77} O |se.| 7 
8 a.m. | 29.73/78] 0 |e a.st. |w. | 5 p.m. | 29.73/77] O |se.| 7 
9 a.m. | 29.70/81} 0 |e 6 p.m. | 29.73|77| O |se. | 10 
10 a.m. | 29.70/82] 0 |e 7 p.m. | 29.74/77) O |se.| 9 
11 a.m. | 29.68/82} 0 |e 8 p.m. | 29.73/77} O |se. | 12 |st 
12 noon] 29.67/80] 0 |e e. | 9 p.m. | 29.73/78] 0 |se. | 16 
1 p.m. | 29.64/80] 0 Je 10 p.m. | 29.72/79] 0 |se. | 17 
2 p.m. | 29.63/79] 0. |e 11 p.m. | 29.71/79] O |se. | 17 
3 p.m. | 29.62/78} T. |e. 12 mid. | 29.69/79} 0 |se. | 19 
4 p.m. | 29.62|77).01 Je. > 18th 
5 p.m. | 29.62|77|.03 Je 1 a.m. | 29.68/79} O |se. | 17 
6 p.m. | 29.61/76}.01 Je 2 a.m. | 29.67/79] O |se. | 16 
7 p.m. | 29.61/76].14 |ne 3 a.m. | 29.66|79] O |se. | 17 
8 p.m. | 29.59/76}.10 Ine n. | 4 a.m. | 29.65/79] .Oljse, | 21 
9 p.m. | 29.56/76}.02 Ine 5 a.m. | 29.64/76] .02/e 20 
10 p.m. | 29.53)76).20 |ne. 6 a.m. | 29.63}76} .02|e. | 23 
11 p.m. | 29.50|76).19 |ne. 7 a.m. | 29.59)75| .04je. | 26 
12 mid. | 29.46|75|.37 |ne. 8 a.m. | 29.54|73] .22/e. | 30 [nb 
18th 9 a.m. | 29.45/72} .52\ne. | 37 
1 a.m. | 29.42)74}.33 |ne. 10 a.m. | 29.38/73} .32!ne.} 51 
2 a.m. | 29.36/75).48 |ne. 11 a.m. | 29.28]/74}1.02|ne. | 55 
3 a.m. | 29.30/74|.63 |ne. : 12 noon] 29.26/72) .96|ne.| 55 |Cente: 
4 a.m. | 29.32)73).23 |ne. Center 1 p.m. | 29.33/60] .73\ne. | 44 | Passed 
5 a.m. | 29.36]75).03 |n. Passed 2 p.m. | 29.45/65] .62|n. | 47 |n 
6 a.m. | 29.42/75 T. nw. 3 p.m. | 29.48/62} .12inw.| 41 
7 a.m. | 29.48/72) T. |nw. 4 p.m. | 29.53/67] .17|n. | 32 
8 a.m. | 29.57|74].01 |nw. nb. nw. 5 p.m. | 29.60/65) .12|n. | 25 
9 a.m. | 29.60/72) T. |nw. 6 p.m. | 29.60/64] .17|nw.| 18 
10 a.m. | 29.62/74) 0 |nw. 7 p.m. | 29.61/64] .02inw.| 15 
11 a.m. | 29.62/75) 0 jnw. 8 p.m. | 29.61/64] T. jnw.} 15 [nb. 
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Tropica, CYcLoNE IN THE Fioripa Srraits, Octoser 17 To 19, 1906 
LE Til 75th Meridian Time 


Key West, Florida. Jupiter, Florida. 
tude 24°33’ N. Longitude 81° 48’ W.| Latitude 26° 57’ N. Longitude 80° 07’ W. 
he left of the line followed by the}'To the left of the line followed by the 


sr of the cyclone, 50 miles. center of the cyclone, 30 miles. 
Qn Q 
BE AME 
g 8 CLOUDS iS 3 CLOUDS 
-polatadale PO hones ; 
eB || 2] 3 | Bole i) 2) Sle 
So |e) 4)8/s 3 So |g] 2 B 
Z| F Oo!15/8 es zZ—~|na| o 3} 
eats Ev ee is z selel & 3 z 
gels e/ Ee) aE s| 6 | aes e|Zizé x 
BR Ia|E|AlFS Ei BS] a /Ale eS 5 
a leleleleaS| o |8t a | Bulal sé g at 3 
Bel|el8l\4/4e] 2 iS b| Asls|/8/4/4e g Fs 
eA |) oe a} A =I pF |B) oe a | 
Sigal lea! M |All A |aZiaia |e lea! 4 1A 
h 18th 
yon| 29.63/76] 0 |nw.} 33 9 p.m. | 29.61/64) O jnw.} 14 
m. | 29.64/78} 0 Inw.| 30 10 p.m. | 29.61/64} O |nw.| 14 
m. | 29.64/77| 0 |nw.| 27 11 p.m. | 29.61/65} O Jw. | 13 
m. | 29.66/77| 0 |nw.| 29 12 mid. | 29.61/65) O |w. | 16 
m. | 29.67)77|0 |nw.| 27 19th 
m. | 29.69/77] 0 |nw.| 26 1 a.m. | 29.61/66] O |w. | 16 
m. | 29.71/77; 0 |nw.| 23 2 a.m. | 29.62/66] O |w. | 15 
m. | 29.74/77| 0 |nw.| 20 3 a.m. | 29.64/67] O |w. | 12 
m. | 29.74/77] 0 |nw.| 17 |nb. 2 4 a.m. | 29.66/68; O |w. | 11 
m. | 29.74/76] 0 |nw.} 12 5 a.m. | 29.68/69} O Iw. | 10 
m. | 29.73/76] 0 |w. | 12 6 a.m, | 29.70/70} O |w. | 11 
m. | 29.74/75} 0 |w. | 19 7 a.m. | 29.72/71] O |w. | 11 
id. | 29.74/77] 0 |nw.) 15 8 a.m. | 29.73/72] O |w. | 16 |Cloudlless 
h 9 a.m. | 29.72/75] O |nw.| 15 
m. | 29.74!76] 0 |nw.| 15 10 a.m. | 29.69/77) O jnw.| 13 
m. | 29.74176| 0 |nw.| 19 11 a.m. | 29.67/78} O Iw. | 16 
m. | 29.74/76] 0 |w. | 20 12 noon! 29.65/80} O jw. | 15 
m. | 29.76/76] 0 |w. | 20 1 p.m. | 29.65/79} O |w. | 18 
m. | 29.78/75} 0 |w. | 19 2 p.m. | 29.66/78} O |w. | 19 
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Figure 4. Records made during the passage of the tropical cyclone in the Fl 
Straits, October 17-19, 1906. Intersection of the cross lines represents the cen’ 
the cyclone. Points of small regular arrows rest on positions of stations at the ’ 
the records were made. Figures on the left of the arrows are wind velocities in 

er hour; the figures on the right of the arrows are hourly precipitation measuré 
undredths of an inch. Brackets show the greatest hourly precipitation intensit 

Heavy arrows represent the directions of the lower clouds. 

Broken arrows represent the directions of the upper clouds, the cirrus types. 

This cyclone falls in the group of the smaller traveling cyclones, 
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Tue TropicaL CYCLONE OF SEPTEMBER 19-21, 1909 


etailed meteorological data recorded during the passage of 
tropical cyclone, September 19-21, 1909, are given-in-Table 
This cyclone advanced through the Yucatan Channel and , 
Gulf of Mexico in a north-northwesterly direction, curving 
ly to the eastward as it approached the Louisiana Coast, 
re it moved inland east of Atchafalaya Bay, and thence 
hward across the Great Lakes as-indicated by path “B” on 
re2.. The cyclonic conditions were mainly within the 29.6 
ir. The distances inside the 29.6 isobar on the line dividing 
storm area into front and rear halves and on the line dividing 
to right and legt halves are nearly equal, about 600 miles, 
the isobars were nearly circular. The speed with which this 
one advanced after reaching land was nearly twice the rate 
hich it traveled while crossing the Gulf of Mexico. 
he isobars as the cyclone moved inland on September 20th, 
> crowded together on the right and spread outward on 
left side. An area of high pressure over the New England 
the Atlantic States influenced conditions in this cyclone 
r it moved inland, but not until it had moved out of the 
tal plain. - 
he hourly winds and precipitation at Pensacola, Fla., Mobile, 
, and New Orleans, La., in the right half, and Galveston, 
1s, in the left half of the cyclonic area are shown on Figure 5. 
wind directions in the right rear quadrant were.in the same 
ral direction as that in which the cyclone was traveling. 
ne right front quadrant the winds at Pensacola were inclined 
y from the center to some extent, while at New Orleans and 
ile they were inclined toward the center until about eight 
's before the passage of the center when they shifted and 
-up a direction which was directly across the line along 
+h the center was advancing. The wind directions in the 
half of the cyclone at Galveston, Texas, 200 miles to the 
of the line of advance, show a movement around through 
left front quadrant into the rear where their inclination 
49 
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toward the center increased until they took a direction mai 
across the line along which the center traveled. 

The lower clouds in the right front quadrant have direction 
at all three stations, different from the surface winds; they ha 
directions inclined to the right of the surface winds and chang 
directions six to eight hours or more in advance of the surfa 
winds. On the extreme right, at Pensacola, Fla., there is 
pronounced inclination to the right in the direction of the low 
clouds, so that they are almost parallel to the line of advance 
the center of the cyclone. 

There were five observations of cirrus clouds in the fro 
half of the cyclone; two of these had the same general diré 
tion as that in which the cyclone was traveling; three obsery 
tions at Galveston, Texas, 200 miles to the left of the line 
advance, showed cirrus with directions successively from ea 
southeast, and northeast within a period of five hours. The 
were intermediate clouds from the northeast at the time t 
cirrus were from the northeast. These shifting directions sht 
confusion in the clouds at that level on the outer edge of th 
part of the cyclone. There were three observations of cirrus 
the right rear quadrant, one almost directly in the rear and 2 
miles from the center moving with the cyclone, and the ofl 
two, 250 and 325 miles, respectively, to the rear and almost 
far to the right were moving away from the line of advar 
following the prevailing direction of the cirrus for this latitu 

The distribution of hourly precipitation intensity in f 
cyclone is very interesting. The greatest rainfall in any | 
was 1.00 inch at New Orleans, La., 75 miles to the right of 1 
line along which the center was advancing, and seven hours 
time and 80 miles in space in front of the line dividing @ 
cyclone into front and rear halves. At Mobile, Ala., 200 m 
to the right of the line of advance, the greatest rainfall in fr 
at any hour was .33 inch, when the line dividing the front 
rear halves of the cyclonic area was eight hours distant in t 
and 80 miles in space. At Pensacola, Fla., 250 miles to the 
of the line along which the center advanced, the greatest hot 
rainfall was .24 of an inch, three hours before the passage 
the cyclonic center. 

The precipitation diminished rapidly at all stations with 
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rrence of the lowest barometer and soon ceased entirely. At 
Orleans the precipitation in the front half of the storm was 
inches, and in the rear, .33 inch. At Mobile the precipita- 
almost stopped with the passage of the storm center, but 
menced again and the period of greatest intensity occurred 
hours after the passage of and 125 miles in the rear of the 
m center. At Pensacola no precipitation worthy of men- | 
occurred after the passage of the storm center. The pre- 
ation in the rear of the center at Mobile, Ala., doubtless 
cates a secondary disturbance in the cloud region attended 
he isolated rainfall in that part of the cyclonic area. 
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Tropica, CycLonE on THE Mippiz Gur Coast. SmprempBer 19 To 21, 1909 


TABLE IV 90th Meridian Time 
Galveston, Texas. New Orleans, La. 
Latitude 29° 18’ N. Longitude 94° 50’ W.|Latitude 29° 58’ N. Longitude 90° 04’ ¥ 
To the left of the line followed by thelTo the right of the line followed by @ 
center of the cyclone, 205 miles. center of the cyclone, 65 miles. 
n nm 
5 2 | CLOUDS 5 a 
4 S| 4 is| 
5 a 2 Pa Neca 
alee eS 
e |e |e} 5) 8] > Ble alelee ae 
a io lela eile S) a] &| e/e8 
m |4a\6le| als m |4al6) e/ els 
e [aE lslelEiee| | able] #|Ela8 
4 |Falealelales ra a Bale) FiAlEo 
a a = jan] oO ae|S| 8 fd 
4 |€2\BlGleledl] 4 16] A [eZ lela | Els 
19th 19th 
1 p.m. | 29.94/86) 0 |nw.) 10 3 p.m. | 29.89|82] 0 |ne.| 18 
2 p.m. | 29.91|88| 0 [nw.) 7 4 p.m. | 29.89/82) O |ne.| 18 
3 p.m. | 29.90/89}0 jn. | 5 5 p.m. | 29.89/82} T. jne.| 20 
4 p.m. | 29.89|88|0 jne.| 7 6 p.m. | 29.88/79] .02/ne.} 20 
5 p.m, | 29.89/88) 0 |ne.| 7 7 p.m. | 29.87/78] .Oljne. | 16 
6 p.m. | 29.89/86] 0 |ne.| 4 8 p.m. | 29.87/78] .Ol|ne. | 17 
7 p.m. | 29.88/85] 0 |ne.| 4 |ct.st. |s. |] 9 p.m. | 29.86/80 ne.| 18 
8 p.m. | 29.88/84] 0 |ne.| 1 10 p.m, | 29.85/81} T. jne.) 19 
9 p.m. | 29.89/84;0 jne.}| 3 11 p.m. | 29.83/80} .02/ne.| 20 
10 p.m. | 29.89/84) 0 |ne.| 7 12 mid. | 29.82/78] .03|ne. | 17 
11 p.m. | 29.87/83] 0 |ne.| 13 20th 
12 mid. | 28.86/83] 0 |ne.| 14 1 a.m. | 29.78/76} .05|ne. | 22 
20th 2 a.m. | 29.76/76] .15|ne. | 23 
1 a.m. | 29.84/83] 0 |ne.| 14 3 a.m. | 29.75/74) .11|ne.| 24 
2 a.m. | 29.83/80}0 |n. | 15 4 a.m. | 29.73|77| .03|ne.| 26 
3 a.m. | 29.82/79}0 |n. | 13 5 a.m. | 29.71/75] .17|ne.| 27 
4 a.m. | 29.83/79] 0 |n. | 17 6 a.m. | 29.69/75] .16|ne.| 28 
5 a.m. | 29.84/80|}0 [n. | 19 7 a.m. | 29.68/75) .24\ne.| 26 
6 a.m. | 29.83/80] 0 |n. | 22 Cj 8 a.m. | 29.66/79] .20/ne. | 26 
7 a.m. | 29.81/80|0 |n. 24{ + | 9 am, | 29.64/78) .30)ne. | 16 
8 a.m. | 29.80/79|0 In. | 21‘/8* | 10 a.m. | 29.63/76] .18|ne.| 29 
9 a.m. | 29.80/81)0 |n. | 21 11 a.m. | 29.58/76) .22|ne.| 17 
10 a.m. | 29.76|/82)0 |n. | 21 Ici. se. 12 noon] 29.51/76] .3lje. | 19 
11 a.m. | 29.75|/82)0 jn. | 23 1 p.m. | 29.42)74/1.00)e. | 25 
12 noon] 29.71/82] 0 jn. | 21f\ci ne. | 2 p.m. | 29.40/76] .26/e. | 29 
1 p.m. | 29.70|82}0 |nw.| 22\\a. cu. |ne. || 3 p.m. | 29.33/79] .17e. | 33 
2 p.m. | 29.63/85}0 |n. | 25 4p.m. | 29.31/77] .18]e. | 39 
3 p.m. | 29.62/83] 0 |n. | 27 5 p.m. | 29.27/76] .11le. | 45 
4 p.m. | 29.61/82] 0 |nw.| 27 6 p.m. | 29.2477) .18jse. | 49 
5 p.m. | 29.60/82] 0 |nw.| 29 |Center 7 p.m. | 29.23/78] .07|se. | 55 
6 p.m. | 29.59/82} 0 |nw.| 28 |Passed 8 p.m. | 29.26 S 14/se me 
a. st. |nw.| 9 p.m. | 29.31 11|se 
Fe eae e athe: 27{ cu. |n. {10 p.m. | 29.34]78] .01|se. | 41 
p.m. | 29.62/80) 0 |nw.| 25 : 
11 p.m. | 29.38/78] .03|se. | 34 
9 p.m. | 29.63/79} 0 |nw.| 21 12 mid. | 29.42/76] 04 29 
10 p.m. | 29.64|78| 0 |nw.| 16 2 : e 
11 p.m. | 29.65/78) 0 |nw.| 16 
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OPICAL CYCLONE ON THE Mippie Guur Coast. SEPTEMBER 19 To 21, 1909 
90th Meridian Time 


uE IV 


Galveston, Texas. 
ide 29° 18’ N. Longitude 94° 50’ W.||Latitude 29° 58’ N. Longitude 90° 04’ W. 
ie left of the line followed by thel/To the right of the line followed by the 
center of the cyclone, 65 miles. 


- of the cyclone, 205 miles. 


New Orleans, La. 


Pressure IncHES 
(Sea Levet) 
| TemprRaTuRE F. , 
| Winp Direction 


eoooocooooscoscooScSoSoSo oO | PRECIPITATION IN INCHES 
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for) 
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(ez) 
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29.66|75 


Lo OE So OE oe Ww) 
COSSOS 
STAID OO 
m Ooo ce 00 
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71/75 
29.7477 
29.76|79 
29.76)79 
29.75|82 
29.74/84 
29.72/85 
29.70/87 
29.67/88 
29.69/87 
29.69/86 
29.70184| 
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‘WwW. 


Op 


n 
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fF at ee a a tl gl oT AMY i as 
oy ene, ey Remar ame? weer mi iter 


i=} 
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ch eee US NE Se, 
\fo nna 


| Winp Vetociry Mines 
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e |e 
Mm: 1A 
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st. se. 
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Pressure Incas 
(Spa Levet) 


Date anp Hour 


WN, 
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ee 


4a.m | 29.62 


12 noon} 29.80 
1 p.m. | 29.80 
2 p.m. | 29.79 
3 p.m. | 29.78 
4 p.m. | 29.77 
5 p.m. | 29.78 
6 p.m. | 29.80 
7 p.m. | 29.80 


| Temperature F. 


Sooo oCOCOHHHooScooSoCO | PRECIPITATION IN INCHES 


| Winn Direction 


aa w) 
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Tropica, CycLoNE ON THE Mippie Guir Coast. SEpTemBer 19 To 21, 1909 


TABLE IV 90th Meridian Time 
Mobile, Alabama. | Pensacola, Florida. 
Latitude 30° 41’ N. Longitude 87° 13’ W.|Latitude 30° 25’ N. Longitude 87° 13’) 
To the right of the line followed by the]To the right of the line followed by thi 
center of the cyclone, 195 miles. center of the cyclone, 235 miles. 
8 n 2 n ‘ 
z 8 CLOUDS 2 | CLOUDS 
mn . 4 % = a . Z PA 2 
3] | = Ba | ml 4 Sly 
B18 lalslelg BIB fals| el 
m | Ae|/6) Ee) ale mH | 4alB/ el 3/8 
8 Pid|a|Z\BB B aels|s| B/BB 
2 |ea/s/ ElAles 2) & |eelale| Ales 
i 4}a] & 5 ais] & 
a | 2/8] 8]e/es sf ae |#alels| elem 
E |ealgls|eles| 2 |2| & |ealelel eleal & 
A AZIs|A/EIER! & [Al A Ja@iela| Blea) 
19th 19th 
2 p.m. | 29.95/85} 0 |ne.| 9 12 noon} 29.97/83} 0 |e. Lg t 
3 p.m, | 29.94|86|0 |ne.| 8 1 p.m. | 29.96|85| 0 |e. 21 we 
4 p.m, | 29.93/86]0 |ne.| 7 2 p.m. | 29.94/85} 0 |e. | 19 {|S Cus 
5 p.m. | 29.93/85}0 |ne.| 7 3 p.m. | 29.93/79] T. je. | 20 
6 p.m. |29.94|83/0 |ne.] 67], 4 |g | 4p-m.| 29.94/83) T. |e. | 18 
7 p.m. | 29.9481] 0. |ne. 7{ ae 5 p.m. | 29.94|83/0 |e. | 18 
8 p.m. | 29.94/81]0 |ne.| 8‘ — |S& | 6 p.m. | 29.94/82/0 |e. | 18 
9 p.m. | 29.95/81]0 |ne.| 8 7 p.m. | 29.94/82}0 |ne. | 18 |st. cu 
10 p.m, | 29.94/81/0 |ne.| 8 8 p.m. | 29.94/81] 0 |ne. | 20 
11 p.m. | 29.93/81/0 |ne.| 9 9 p.m. | 29.95]/81} 0 |e. 24 
12 mid. | 29.90/81) 0 |ne.} 11 10 p.m. | 29.95/81] 0 Je 28 
20th 11 p.m. | 29.93/80] 0 |e. 23 
1 a.m. | 29.89/80} 0 |ne.| 11 12 mid. | 29.92/80) 0 Je 36 
2 a.m. | 29.88/79) 0 |ne.| 13 20th 
3 a.m. | 29.88/78) 0 |ne.| 14 1 a.m. | 29.89/80/0 je. | 44 
4 a.m. | 29.88/78}0 jne.| 11 2 a.m. | 29.89/79] T. Je. | 44 
5 a.m. | 29.87/78] 0 |ne.| 14 3 a.m. | 29.90/78] 0. Je. 43 
6 a.m. | 29.88/77] T. Ine. | 15 4 a.m. | 29.90/77] T. je. | 37 
7 a.m. | 29.88/77| T. ne. | 16 |st. e. | 5a.m.| 29.91/77] T. le. | 40 
8 a.m. | 29.87/77] T. |ne. | 15 6 a.m. | 29.90|76] T. je. | 41 
9 a.m. | 29.86]77].02 |ne. | 16 7 a.m. | 29.89/78}.02 je. | 36 |st. cu 
10 a.m, | 29.85/75].29 ne. | 14 8 a.m. | 29.90/79] T. Je. | 47 
11 a.m, | 29.85/75].24 Ine. | 15 9 a.m. | 29.89/78] T. |e. 51 
12 noon] 29.82/76) T. Ine. | 15 |st. e. (10 a.m. | 29.89]77].02 |e. 53 |st. cu 
1 p.m. | 29.78/76}.03 Ine. | 19 11 a.m. | 29.88]76}.11 Je. 49 
2 p.m. | 29.77/77}.01 |ne. | 18 |st. e. {12 noon] 29.87/73}.04 |e. 44 
3 p.m. | 29.73/77|.01 je. | 19 1 p.m. | 29.84/75).07 |e. 42 
4 p.m. | 29.73]73}.33 je. | 19 2 p.m. | 29.82/78].09 le. | 44 |st. cu. 
5 p.m. | 29.72/77|.12 /e. | 23 3 p.m. | 29.79|76).05 Je. 46 
6 p.m. | 29.70/78] T. Je. | 21 4 p.m. | 29.78|80).07 Je. 50 |st. cu 
7 p.m. | 29.72/79] T. le. | 23 |st. e. | 5 p.m. | 29.78/79].07 jse. | 51 
8 p.m. | 29.71/79|.01 Je. | 27 6 p.m. | 29.77/76).07 |se. | 50 
. 9p.m. | 29.68/81] T. Je. | 26 7 p.m. | 29.77|80].24 |se. | 49 |nb. 
10 p.m. | 29.68/81) T. |se. | 30 |st. 8. | 8 p.m. | 29.78/76].13 |se. | 52 
11 p.m. | 29.66/81] 0 |se. | 35 9 p.m. | 29.80/79] T. |se. | 43 |Cen’ 
11:80 p.| Cent] er| Palsse |d 10 p.m. | 29.79/82}.01 |se. | 49 | Passe 
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)PICAL CYCLONE ON THE Mippie Gur Coast. SzPTemBER 19 To 21, 1909 
EH IV 90th Meridian Time 


Mobile, Alabama. Pensacola, Florida. 
de 30° 41’ N. Longitude 87° 13’ W.|Latitude 30° 25’ N. Longitude 87° 13’ W- 


e right of the line followed by the|To the right of the line followed by the 
of the cyclone, 195 miles. center of the cyclone, 235 miles. 
z a CLOUDS z 5 CLOUDS 
n ; = n : = 
=e loa A & |p & = loa A Bly 
o eH) a aa } iS) A) Se ie 
a= B SOlo]o fan] Z>/sl1 OC] 0/5 
Leal! &/a@/°o mA] P] & =i ie) 
Pig] ai EiBE 6] 8 |gelsi a! F\BE g 
Bala EAE Ss BFL < |BSlele/Alee E 
2a/e/ S| 2B am me alas a a lhl 5] alam S 
eallelelee) & |#| & |ealaleleies] & |z 
A2IG(G (FIER) 4 (Al A laZlelalElBal ¥ 1A 
20th 
. | 29.64/81).01 |se. | 34 11 p.m. | 29.77/80}.01 |se. | 53 
12 mid. | 29.76/80] T. |se. | 58 
. | 29.64/82].01 Jse. | 33 21st 
. | 29.62/81].09 |se. | 38 1 a.m. | 29.78/80} 0 |se. | 47 
. | 29.63/81|.01 |se. | 41 2 a.m. | 29.80/81] T. Js. 51 
. | 29.64/76].32 |se. | 37 3 a.m. | 29.80/81! 0 |s. 54 
. | 29.67|79].72 Ise. | 33 4 a.m. | 29.80/81) 0 |s. 51 
. | 29.70]76].05 |se. | 32 5 a.m. | 29.80/81] 0 |s. 48 
. | 29.74)80}.08 |s. 25 Ist. 5: 6 a.m. | 29.81/81] 0 |s. 47 
‘| 29:75|82|T. |s. | 23 7 a.m.|29.80|81| 0. |s. 43{ ci W. 
. | 29.76|84/0 |s. | 20 8 a.m. | 29.82/82/0 |s. | 404) CU |SW- 
. | 29.77|85} O- |s. 21 9 a.m. | 29.85/82] 0 |s. 39 
. | 29.78}85] 0 Is. 24 10 a.m. | 29.85/83] 0 |s. 36 
n| 29.79/80}.09 |s. 15 11 a.m. | 29.86/83] 0 |sw. | 32 
. | 29.80}78].02 |sw.| 16 12 noon| 29.84/84] 0. |sw 30{ a We 
, | 29.79/81] 0 |sw.| 13 1 p.m. | 29.84/82] 0 |sw. | 30') CU |SW- 
. | 29.77/83] 0 |sw.| 13 2 p.m. | 29.83/82} 0 |sw. | 29 
. | 29.77/84) 0 Is. 14 3 p.m. | 29.82/82!0 |sw. | 29 
. | 29.79/83] 0 Is. 13 4 p.m. | 29.82/82)0 |sw. | 26 
5 p.m. | 29.82!81/0 |sw. | 23 
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TROPICAL CYCLONES IN THE GULF AND SouTH ATLANTIC Ruet 
—Cline. 
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Figure 5. Records made during the passage of the tropical cyclone, Sep’ 
19-21, 1909. Intersection of the cross lines represents the center of the ey 
Points of small regular arrows rest on positions of stations at the time the re 
were made. Figures on the left of the arrows are wind velocities in miles per 
the figures on the right of the arrows are the hourly precipitation meas 
hundredths of an inch. Brackets show the greatest hourly precipitation in 

Heavy arrows represent the directions of the lower clouds. 

Broken arrows represent the directions of upper clouds, the cirrus types, 

This cyclone falls in the group of the larger traveling cyclones, 


Vv 


TROPICAL CYCLONE OF OctTosBER 10-12, 1909 


feteorological data recorded during the passage of the tropi- 
cyclone of October 10-12, 1909, (26) through the Florida 
1its_are-shown-in-Table V. This disturbance moved northward , 
he Caribbean Sea until it reached the western end of Cuba 
re it curved and moved towards the northeast, its center 
sing almost directly over Key West, Fla., as shown in path 
Figure 2. Wind and precipitation records as related to the 
ionic center and its movement are given in Figure 6 for 
, West, Jupiter, and Tampa, Fla. The changes in the wind 
ctions with the advance of the cyclone and changes of the 
ition of the stations in their relation to the cyclonic center 
very interesting. For two hours preceding the passage of 
cyclonic center the prevailing wind at Key West was almost 
ctly into the center, oscillating between N. and NE. and 
1 the passage of the center the wind shifted from NE. to 
’., 90 degrees, and blew directly across the line along which 
center was advancing, and it continued in that direction 
il this station passed out of the rear of the cyclone. The 
ds at Jupiter and Tampa moved around the center through 
left front quadrant into the left rear quadrant where they 
ted and soon showed increased inclination towards the center. 
7 West passed out through the rear almost directly on the 
along which the cyclonic center was advancing and the 
rease in the wind velocity at Key West a few hours after the 
sage of the center was greater than was the case at Jupiter, 
miles to the left of the line along which the center was 
ancing. 

‘he directions of the lower clouds observed in the front of 
cyclone were either the same as the surface winds:or were 
ined more away from the center, and in the rear were about 
same as the surface winds. 

recipitation commenced at Key West, Fla., 300 miles in 
it of and 275 miles to the right of the line of advance of 
center at that hour, and 25 hours before the passage of the 
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storm center. ‘The storm center curved directly over the Ke 
West station. There were spurts of increased precipitation it 
tensity from 20 to 14 hours before the passage of the storm 
center, when Key West was about 200 miles in front and 100 t 
175 miles to the right of the line of advance at the time, ané 
the cyclone curved towards the region over which the heavies 
precipitation had previously occurred. Precipitation was ex 
cessively heavy with the shift of the wind directly into th 
storm center, two hours before its passage. The total precipita 
tion at this station before the passage of the cyclonic cente 
was 12.04 inches; after the passage of the center, .24 inch. 

Jupiter, Farida, first appears in the cyclone area 400 mile 
in front of the center and 300 miles to the right of the lin 
along which the center was advancing; later, after about I 
hours, this station passed into the left-hand half of the cyclon 
and as it moved back into the left rear quadrant was 95 miles t 
the left of the line followed by the center of the cyclone. Th 
precipitation commenced at Jupiter 26 hours in advance of th 
passage of the center, when that station was well forward in the 
right front quadrant, and the heaviest rainfall during the passag 
of the cyclone occurred at that time. The precipitation 4 
Jupiter diminished when the station passed into the left fron 
quadrant and ceased before it passed into the left rear quadrant 
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ue 6. Records made during the passage of the tropical cyclone through the Florida 
s, October 10-12, 1909. Intersection of cross lines represents the center of the cyclone. 
} of small regular arrows rest on positions of stations at the time the records were made. 
2s on the left of the arrows are wind velocities in miles per hour; figures on the right 
» arrows are the hourly precipitation measured to hundredths of an inch. Brackets show 
reatest hourly precipitation intensity. 

vy arrows represent the directions of the lower clouds. 

cen arrows represent the direction of the upper clouds, the cirrus types. 

3 cyclone falls in the group of the smaller traveling cyclones, 
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TropicaL CycLone or August 26-29, 1911 


The cyclone of August 26-29, 1911, (27) was first noted 
Lat. 28°, Long. 73°. This disturbance followed a west-northw 
course until it reached the Atlantic Coast about 20 miles nor 
of Savannah, Ga., when it drifted first slowly towards 
south, then westward and northward over western Georg! 
gradually diminishing in intensity and finally. dying out. T 
storm, unlike most tropical cyclones, did not continue to adv 
on reaching land. The path along which the center of t 
cyclone advanced is shown by path “K,” Figure 2. Detai 
meteorological data recorded during this cyclone are given 
Table VI. The distribution of winds and precipitation as rela’ 
to the cyclonic center are shown:in Figure 7. The winds mov 
somewhat around the cyclonic center with varying inclinatio 
towards the center except in the left front quadrant, where the 
have inclinations somewhat away from the center. 

The wind records in the front of the cyclonic area were mat 
while the cyclone was advancing and those in the rear ha 
while it was not advancing, but merely drifting with no defini 
direction. ; 

The directions of the lower clouds were the same as the surfal 
winds except in the left front quadrant the directions we 
inclined away from the center more than the surface wine 
Cirrus clouds at Wilmington, N. C., 225 miles in front of # 
cyclonic center, had directions opposed to the direction in whit 
the cyclone was traveling. At Savannah, Ga., and Charlesto 
8. C., cirrus clouds 200 to 250 miles in advance of the cent 
were across the line along which the cyclonic center was trav 
ing. At Savannah, two successive observations of cirrus clout 
90 to 70 miles, respectively, in front of the center, showed ¢ 
rections opposed to the direction in which the cyclone ¥ 
traveling. The area of greatest intensity of precipitation shif 
backward and to the left of the line along which the cer 
was advancing during the 24 hours following the observatit 
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he opposing cirrus clouds. The area of lowest pressure fol- 
ed the line of greatest precipitation intensity. 
‘he distribution of precipitation and the occurrence of hourly 
sipitation intensity about the cyclonic center differ greatly 
n that found in cyclones which continued to advance. The 
ytest intensity of precipitation occurred at Charleston, S. C., 
hours in time dnd 110 miles in space in advance of the 
lonic center, and there was another increase in precipitation 
nsity two to six hours before the center passed Charleston. 
> eyclonic center continued to advance towards and reached 
area of greatest precipitation intensity about midnight of 
rust 27-28. 
Vhen the center of the cyclone was near Savannah, Ga., on 
morning of August 28th, the greatest hourly precipitation 
nsity had shifted well to the left of the line along which the 
ter had been advancing. Exceptionally heavy rains fell in 
theastern Georgia and in northeastern Florida, as shown in 
le Vi-a. 
bout 24 hours after the storm center had passed Charleston, 
5., that station, then 150 miles in the rear of the cyclonic 
ter, passed from the right rear quadrant into the left rear 
drant, as the result of the changing position of the cyclonic 
ter; moderately intense precipitation occurred at Charleston 
that time. The heavy rainfall at Charleston was about 10 
rs after the greatest hourly precipitation intensity at Sa- 
nah, Ga., which also- occurred immediately after Savannah 
_ passed into the left rear quadrant of the cyclone. This 
cipitation in the left rear quadrant occurred at Charleston . 
_Savannah about the time that excessively heavy precipita- 
1 was occurring over southeastern Georgia and northeastern 
rida, in the left front quadrant of the cyclone. When the 
1 of greatest hourly precipitation intensity shifted to the 
of the line along which the cyclonic center had been ad- 
cing, the area of lowest pressure ceased to advance and 
ted towards and followed the area of heaviest precipitation. 
‘he storm area hovered over Georgia during August 28th, 
h, and 30th, with the lowest barometer regularly following 
area of greatest precipitation. When the heavy precipi- 
on, instead of continuing to occur in front of the cyclone, 
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shifted from the right into the left portion of the cyclonic ar 
and backward into the rear of the cyclone, the intensity of t 
disturbance diminished rapidly and the cyclone gradually fill 
up. The air current in which the cyclone had been traveli 
was evidently overcome by a counter current. The existence 
such a counter current was indicated by the cirrus cloud mor 
ments in the front of the cyclone with directions opposed to ‘ 
from which the cyclone approached. 
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TABLE VI-a 


Heavy RatnFaLt IN THE Coast Recion oF SoutH Caronina, GEORGIA AND Nor 
Fioripa in A Dyina Crcitonn, Aucust 27 To 30, 1911 


75th Meridian Time 


August | August August August ‘Augtl 
te 27th 28th 29th 30th 3ist 

a.M./p.M./a.m./p.m./a. m./p. mM./a.m./p.m.]a.m. P. 
Georgetown, 8. C. 2.00 3.00 aes a . 
Charleston, 8S. C.* 2.67 "97 1.26 0 | 
Smiths Mills, 8. C. ea 1.79 1.25 73) 
Kingstree, 5. C. 0 | 2.44 2.38 20 55 
Savannah, Ga.* 22 fare, 2.95 4. 01 
Statesboro, Ga. 53 1.54 ear 56 62 By 
Glenville, Ga. 0 2.52 2.05 ui Ts 
Hilliard, Fla. 0} |1.75 10.75, 35 | 
Fernandina, Fa. 0 06 7.60) 32 03) 
Se George, Fla. | 0 0 18.00 1.12 T| 
Macclenny, Fla. 0 .40 ap 8.60 52 
Johnstown, Fla. 0 50 3.75 “ao i 
Lake City, Fla. 0 0 5.00 |3.00 T. 
Fenholloway, Fla. 0 5 ia: 1.40 rai 4.10 
Jasper, Fla. 23 78 6.10; | 1.05 
Valdosta, Ga. 0 AB 1.50/  |5.40 Te 
Quitman, Ga. 0 0 87 3.70 93 : 
Lumber City, Ga. 02 0 4.15] | 9.37 62) 
Helena, Ga. 01 30 | 4.05] 4.06] | 
Abbeville, Ca. 0 T. 145) |s.0e, | of 
Dublin, Ga. 0 0 1.30 1.87 1.02) 
Millen, Ga. 0 0 70| 1.001 ~—«| 2.40 


*Midnight to midnight; other entries at 8 a.m. or (p.m.) about sunset. 
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)PICAL CYCLONES IN THE GULF AND SOUTH ATLANTIC REGIONS 
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ng the passage of the tropical cyclone, August 
lines represents the center of the cyclone. Points 
small regular arrows rest on positions of stations at the time the records were 
¢ are wind velocities in miles per hour; the 
the hourly precipitation measured to hundredths 


eavy arrows represent the directions of the lower clouds. 
roken arrows represent the directions of the upp 


cyclone falls in the group of the smaller cyc 
moving inland, 


VII 


TropicaL CycLone on Texas Coast August 15-18, 1915 


Detailed meteorological dats in the tropical cyclone of Augu 
15-18, 1915, (17) during the time it was moving inland a 
given in Table VII. Barometer readings at Velasco, Texé 
during the passage of the cyclone are shown in Table VII-a. 

This cyclone advanced through the Yucatan Channel ai 
thence in a northwesterly direction across the Gulf of Mexic 
The center of the storm moved inland on the Texas Coast a litt 
west of Galveston and Houston, Texas, and continued to mo 
northwestward until the center was 150 miles inland, when 
- commenced to recurve towards the northeast. The cyclone aft 
curving continued to advance northeastward and moved out ov 
Lake Erie and the St. Lawrence Valley, as shown on path “C 
Figure 2. The rate of travel during the period of curvatu 
was less than half the rate before the cyclone commenced curvil 
and after the curving ceased. 

The hourly winds and precipitation during the passage of fl 
cyclone of August 16-22, 1915, as related to the cyclonic cent 
and its direction of movement are shown on Figure 8, for Ne 
Orleans, La., Galvesten, (hourly precipitation missing), at 
Houston, Texas, in the right half, and Corpus Christi, Texe 
in the left half of the cyclonic area. The wind directions in tl 
right rear quadrant were continuously in the same general dire 
tion as that in which the cyclonic center was advancing, née 
withstanding the fact that the stations were carried backwa 
away from the center well across the right rear quadrant whi 
the cyclone was curving. In the right front quadrant, at Hou 
ton and Galveston, Texas, 15 and 50 miles respectively to # 
right of the line followed by the center, the wind directions | 
first showed considerable inclination towards the cyclonic centé 
but when these stations were 125 miles in front of the center 
winds shifted, their inclination towards the center diminishe 
and the directions were almost directly across the line of advan 
and continued so until the stations were near the center, wht 
the directions shifted more into the line of advance of 
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lone. At Corpus Christi, in the left front quadrant, the winds 
ved around the center into the left rear quadrant where they 
e inclined more towards the center. 
ower clouds in the front of the cyclone at Galveston had a 
section directly across the line of advance eight hours before 
winds shifted to the same direction. In the right rear 
rant the lower clouds had the same general direction as 
surface winds. One observation of cirrus with a doubtful 
ction is recorded at Corpus Christi, 275 miles in front and 
miles to the left of the line along which the center of the 
lone was traveling at that time. In the rear of the cyclone 
re are 10 observations at which cirrus clouds were recorded. 
ht of these in the right rear quadrant have directions mainly 
same as that in which the cyclone was traveling. One in 
left rear quadrant and one in the right rear quadrant have 
etions across the line of advance. 
‘his is the only large tropical cyclone which has traveled 
ss the United States without encountering important moun- 
1 ranges in its path or an area of high pressure of sufficient 
ont to influence the course of the cyclone and the winds and 
cipitation within the cyclonic area. After the recurve its 
ter continued to advance northeastward over the central 
sissippi Valley and thence over Lake Erie, leaving the Appa- 
ian Plateau several hundred miles to the right of the path 
he center of the cyclone. In this cyclone, we have an oppor- 
ity to study the effects of elevated regions lying outside the 
lonic area proper, on the precipitation of the aqueous vapor 
n air drawn over the mountains by the cyclonic circulation, 
vell as the influence of these mountains on the precipitation 
he cyclone. 
ight precipitation commenced in the right front quadrant 
Touston, Texas, when the storm center was 230 miles distant 
space and 18 hours in time. An increase in hourly precipi- 
on intensity appeared 14 hours before the passage of the 
m center and when it was 180 miles distant; the intensity 
‘eased steadily for several hours, reaching 1.11 inches in an 
r when the storm center was distant 85 miles in space and 7 
rs in time. During eight hours commencing when the storm 
ter was 180 miles distant in space and 14 hours in time and 
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continuing until the center was 70 miles distant in space and si 
hours in time, the precipitation at Houston, Texas, was 44 
inches. In these eight hours, ending six hours before the passag 
of the cyclonic center, 59% of the total precipitation during th 
39 hours’ duration of the cyclone was recorded; there was 
secondary period of heavy rainfall, commencing about two an 
a half hours before the passage of the storm center, the tot 
for the two hours being 1.47 inches. The precipitation at Hou 
ton, Texas, during the passage of the front half of the cyclor 
was 7.13 inches, while the total amount in the rear half of th 
cyclone was only .89 inch. 

At New Orleans, La., 300 miles to the right of the line alon 
which the storm center ened precipitation commenced whe 
the line dividing the storm area into front and rear halves wi 
250 miles distant. The period of greatest hourly precipitati¢ 
intensity was about 100 miles in space and 10 hours in tin 
before the occurrence of the lowest barometer, and no precip 
tation occurred after the storm center passed that station. / 
Corpus Christi, Texas, about 180 miles to the left of the In 
along which the center advanced, no precipitation worthy © | 
mention was recorded. 

This cyclone furnished an exceptionally interesting examp 
for the study of changes in pressure distribution and the shap 
of the isobars in a tropical cyclone as it moved in on the coa 
and thence northward and northeastward for some 2000 mil 
(covering a period of seven days’ movement), with pressu! 
records exceptionally well distributed in the cyclonic area so thi 
the spacing of the isobars requires little interpolation. Tl 
forms of the isobars and the gradients at different stages | 
the progress of this cyclone, from the time it reached the Gu 
Coast until it moved across Lake Erie, are shown on a series | 
maps described in the following discussion. 

There are sufficient pressure records at 5 a. m., August 1 
1915, Figure 9, from which accurate isobars and gradients ai 
shown from 28.3 to 29.7 inches, a range of 1.4 inches. TI 
cyclone proper falls within the 29.7 isobar. The diameter 
the 29.7 isobar on a line at right angles to the line of advan 
is about 475 miles. The isobars are in the main circular in for 
up to 29.4 inches. Beyond the 29.4 isobar, the isobars we 
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wded on the right side and spread out forming a bulge on the 
side of the cyclonic area. 
“he diameter of the 29.4 isobar as shown on Figure 9, was 
| miles. The distance between the 28.3 isobar and the 29.4 
yar was 105 miles, showing an average gradient of about .01 
h per mile. Between the 28.3 and the 28.9 isobar the gradient 
raged .02.of an inch to the mile. The diameter of the 28.9 — 
ar was 95 miles. 
-ressure distribution in the cyclonic area at 11 a. m., August 
h, six hours later than the preceding map, is shown in Figure 
The cyclonic center at this time had been inland between 8 
1 10 hours, and was about 125 miles distant from the coast. 
'y little change had taken place in the forms of the isobars 
he cyclonic area, the isobars within 29.5 inches being nearly 
ular, but outside of this the isobars were crowded together 
he front of the cyclone with a spreading out in the left rear 
drant, showing a bulge in that quarter, a change from the 
vious map, in the position of crowding and spreading. The 
meter of the 29.2 isobar which was the inner isobar at this 
e had diminished from 175 miles at 5 a. m. to 110 miles at 
2. m., a total decrease of 65 miles. A very slow filling up was 
progress, for the other isobars throughout the cyclonic area 
| contracted in about the same proportion as the 29.2 isobar. 
-ressure distribution at 11 p. m., August 17th, 12 hours later 
n the preceding map is shown in Figure 11. The storm at 
; time was curving to the eastward and advancing slowly, 
the rate of about 8 miles per hour, just a little more than 
f the speed with which it had advanced during the first nine 
irs after it moved inland. There are no pressure records 
r the cyclonic center and the lowest isobar which can be 
wn accurately is 29.4 inches. This isobar diminished in 
meter 65 miles during the preceding 12 hours, from 200 miles 
11 a. m., to 135 miles at 11 p. m., August 17th. The forms of 
29.4 to 29.6 isobars remain nearly circular. There was some 
wding of the isobars in front and a decided spreading out or 
ge in the isobars in left rear quadrant outside of the 29.6 
ar. 
‘igure 12 shows the cyclonic area at 11 a. m., August 18th, 12 
irs later than the preceding map, and at the time when the 
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center of the cyclone was midway of the curve in the path al 
which the cyclonic center advanced. The cyclone had advan 
very slowly. The nearest isobar to the center, for which ° 
have data, is 29.5 inches. The diameter of this isobar 
diminished 90 miles during the preceding 12 hours, from 
miles at 11 p. m., August 17th, to 90 miles at 11 a. m., Aug 
18th. The isobars within the 29.7 isobar were nearly circul; 
Outside of the 29.7 isobar, there was a decided crowding of t 
isobars in the left front quadrant and a marked spreading 
or bulge in the rear of the cyclone, showing a shifting of t 
crowding and spreading as the cyclone advanced and chang 
direction. 

Pressure distribution at 8 a. m., August 19th, at which tit 
the cyclonic center had stopped curving and was moving towal 
the northeast, is shown in Figure 13. The isobars are crowd 
together in the left front quadrant and spread out causing 
bulge in the right rear quadrant. The crowding of the isob: 
has changed from the right side to the left side of the cyclot 
area and the spreading of the isobars with the resultant bu 
has shifted from the left rear quadrant of the cyclonic area 
the right rear quadrant. 
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~ TroprcaL CycLonE oN THE West Gur Coast, Auaust 15 ro 18, 1915 


SLE VII 90th Meridian Time 
Corpus Christi, Texas. Houston, Texas. 
itude 27° 49’ N. Longitude 97° 25’ W.|Latitude 29° 47’ N. Longitude 95° 24’ W. 
the left of the line followed by the/To the right of the line followed by the 
ser of the cyclone, 165 miles. center of the cyclone, 15 miles. 
nm nM 
= nm a n . 
g fe CLOUDS 2 — |CLOUDS 
2 ie |elel 2 lS - al 843i. 
5 |S |8lZ) B18 o |8) 3/818 
4 | Sal5lel Sis ASB) Be} als 
2 |g leis] 2 lee E gels) a|Bie8 g 
4 JERS) a] A les E Bale; B/AlrS E 
2 | Bulels| ele=| e ls golel 3) eles 2 
) jaZilaian| & Ea] & 1A Sela] a |e ea A 
th 
m. | 29.77|80| 0 nw. | 9 . | 29.71/82] O jne.| 16 
cm. | 29.76/79} 0 jnw. | 12 . | 29.68/80] O jn. | 14 
m. | 29.74|79) 0 |n. 11 . | 29.69/81} O In. | 16 
wm. | 29.73/79] 0 |n. 12 . | 29.69/80] T. jne. | 18 |st. cu. 
m, | 29.72/79] 0 nw. | 15 . | 29.68|81) T. Ine. | 21 
_m. | 29.72/80] 0 jnw. | 15 /|ci. ne. . | 29.67|82] O Ine. | 24 
.m. | 29.73|81| 0 Inw. | 164 |ci. cu. [ne. . | 29.65/83] O Ine.| 24 
.m, | 29.73|/82)T.|n. 17 |\a. st. * Ine. . | 29.64/84] -O Ine. | 25 
.m. | 29.72/84) 0 |n. 21 29.62|82| 'T. Ine.) 24 
.m. | 29.69/87] 0 jn. 23 |a, st. |ne. | 29.61/75] .04\ne. | 21 
.m. | 29.66/88] 0 jn. 29 . | 29.57/77| .05!ne. | 23 
100n| 29.63/89] 0 |n. 28 Bete |b , | 29.53/75] .0O7|n. | 25 
.m. | 29.62/90) O jn. 30 a = ei . | 29.49175| .07|ne. | 29 
.m. | 29.58/93} 0|n. | 297/040" |” . | 29.47/74] .15|ne. | 30 
ym. | 29.55)94| O jn. 30 a a i , | 29.42/74] .22in. | 31 
vm, |29.53/88/T.in. | 318% cu. [> "|99.38/74| (22In.'| 34 |st. —[s. 
ym. | 29.52/88} O jn. 27 . | 29.32/74] .28ne.| 38 
ym. | 29.52|85|/T.|nw. | 30 . | 29.26/74! .31|ne. | 39 
ym. | 29.51/87| O|nw. | 27fja.st. |n. . | 29.17/73] .67|ne. | 46 
ym. | 29.51/87! 0 mw. | 29\|st. cu. jn. .m. | 29.07|73| .76|ne. | 48 
.m. | 29.54/86] 0 jnw. | 31 id. | 28.95/73]1.11\ne. | 50 
.m. | 29.54/85) 0 jnw. | 26 
.m. | 29.51/85] O jnw. | 27 . | 28.88/73) .85\ne. | 44 
nid. | 29.49/84) 0 nw. | 28 . | 28.78/74] .386|ne. | 39 
th . | 28.61/74] .80\ne. | 45 
..m. | 29.48/84) 0 |jnw. | 28 . | 28.36/73] .80|ne. | 57 
) am] 29.48] Clen|ter |Passjed . | 28.25/72] .76lse. | 74 
1.m. | 29.48/84| 0 nw. | 28 28.20] Clentelr Plasse |d 
1.m. | 29.48/84) 0 jnw. | 26 . | 28.50/72} .20}se. | 80 
1.m. | 29.49/85] 0 nw. | 20 . | 28.72172] .O7\se. | 64 Ja. st. ne. 
1.m. | 29.50|85} 0 |w 19 . |28.90/71! .02\se. | 49 
y.m. | 29.51/85] 0 |sw. | 19 m. | 29.02/72] .21/se. | 43 
ym. | 29.54/85) 0 |w. 19 st. cu. [nw./10 a.m. | 29.10|73] .03|se. | 40 
1.m: | 29.55/86) 0 |w. 22 11 a.m. | 29.19/72} T. |s. | 39 
1.1m. | 29.58}87| 0 lw. 22 12 noon| 29.24/71) T. |s. | 37 
4.m. | 29.59|88) 0 jw. 22 1 p.m. | 29.30/71) .01)s. | 37 
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TropicaL CycLonn on THE West Gur Coast, Aucust 15 To 18, 1915 
TABLE VII 90th Meridian Time ; 


3 


Corpus Christi, Texas. 


Latitude 27° 49’ N. Longitude 97° 25’ W. 
To the left of the line followed by the 


center of the cyclone, 165 miles. 


RN n 
S| 
ss 2 qi n 
E 5 CLOUDS E fs CLO 
gels! 2 te a’ (sleet 
RH | 4a lle] 3 |8 m | 4a/5] 2) 8/8 
B aelels| & ne zi able <| 2 
ae lle] 2 | a 9 4) a) 5/8 
q baal! A le 9° a a Balel #/AlPo 
ne a pi faa is) s nel a 5 ea] 
A jaeSiaja} FIEa] M4 |Al A jails} ae lea 
17th 17th 
11 a.m. | 29.60/89} 0 |w 21 2 p.m. | 29.34/73] T. |s. | 37 
12 noon} 29.60/90} O|w. | 20 3 p.m. | 29.40|71} :Oljs. | 30 
1 p.m. | 29.63/89] 0 jnw. | 19 4 p.m. | 29.44/74! .02|s. | 30 
2 p.m. | 29.63/87) 0 nw. | 19 5 p.m. | 29.46/73] T. |s. | 27 
3 p.m. | 29.61/92] 0 |sw. | 12 6 p.m. | 29.49/74| T. |s. | 22 
4 p.m. | 29.60/97] 0 |sw. | 15 7 p.m. | 29.54/72) T. |s. | 22 
5 p.m. | 29.60/97] O|sw. | 12 8 p.m. | 29.55/73} .02/s. | 20 
6 p.m. | 29.61/90} 0 nw. | 13 (ci. w. ||-9 p.m. | 29.59/75] T. |s. | 18 
7 p.m. | 29.63/90) 0 Inw. | 64 /ci. st. |w. |10 p.m. | 29.60/74) O js. | 18 
8 p.m. | 29.65/89] 0 jnw. | 4\la.st. [w. |11 p.m. | 29.60/74) 0 js. | 14 
9 p.m. ae 86] 0 Js. Yi 12 re 29.60/74! O |s. | 14 
10 p.m. 71/85] 0 |s. 18t 
11 p.m. | 29.71/86] 0 |w. 3 1 a.m. | 29.60/77) O |s. | 14 
12 mid. | 29.71/85] 0 lw. 1 2 a.m. | 29.61|77| 0 |s. 14 
18th 3 a.m. | 29.61/77] O js. | 13 
1 a.m. | 29.71/84) 0 |w. 3 4 a.m. | 29.63/76) O |sw.| 13 
2 a.m. | 29.71/84, 0 |s. 9 5 a.m. | 29.65/76] O js. | 13 
3 a.m. | 29.71/83] 0 |sw. 8 6 a.m. | 29.65/76} O js. | 11 
4 a.m. | 29.71/80) 0 |s. 10 7 a.m. | 29.68/78] O |s. | 10 
5 a.m. | 29.72/80) 0 |s. 10 8 a.m. | 29.69/84) O |s. | 12 
6 a.m. | 29.74/80) 0 |sw. 9, i sw}, #m. | 29.70|82} 0 js. | 17 
7 a.m. | 29.76/79] 0)s. | 104 st. cu. |e. {10 a-m- | 29.70/86] 0 js. | 16 
8 a.m. | 29.77/85|O|sw. | 9S" °% |& 11 am. | 29.70/85] 0 |s. | 18 
9 a.m. | 29.77|87| 0 |sw. | 10 12 noon| 29.70/88} O |s. | 19 
10 a.m. | 29.76/92] 0 |sw. | 11/{|ci. sw.| 1 p.m. | 29.70/89} O |s. | 22 
11 a.m. | 29.75/94! 0 |sw. | 124 \ci. cu. |sw.| 2 p.m. | 29.70/88] O |s. | 22 
st. cu. |Sw. 


Houston, Texas. ; 
Latitude 29° 47’ N. Longitude 95° 24” 
To the right of the line followed by | 
center of the cyclone, 15 miles. q 


DATA IN CYCLONES 


Tropica CycLonge on THE West Guur Coast, Aucust 15 To 18, 1915 


LE VII 90th Meridian Time 
Galveston, Texas. New Orleans, Louisiana. 
tude 29° 18’ N. Longitude 94° 50’ W.|Latitude 29° 58’ N. Longitude 90° 04’ W. 
he right of the line followed by thel/To the right of the line followed by the 
er of the cyclone, 45 miles. center of the cyclone, 250 miles. 
nm nD 
5 # |CLOUDS ; a |CLOUDS 
a\ is z| (8 
n : = n |e a 
e |e) EI Sle e |e jel) ele 
So |8|/4/8/8 ° Sey eases 
ey & SO!15/sS faa] Z>lel SO|o/]o 
= 4} 8/0 % meoasP! &] a@]° Be 
gPlE) S| E/BE gl e | gele|s|ElRe g 
BRlElE|AlES Bl 4 | Belel = lie o> i 
Q |e jan S) ae} S) & a iS) 
D4 2/818 8 I a 24/8] 9/28 8 Q 
GIG /E IER) S JA) A |mZiala |e lea] M 1A 
h 15th 
m, | 29.65/80) 0 [In 32 12 noon! 29.90/83} O |ne.| 13 
m. | 29.64\80}0 jn. | 29 1 p.m. | 29.88/83} O |ne.| 18 ja. st. [me 
m. | 29.63/79)0 |n. | 30 |st. ne. | 2 p.m. | 29.86/83] O |ne.| 17 
m. | 29.62|80}0 |n. | 30 3 p.m. | 29.84/83] O |ne.| 16 |st. me. 
m. | 29.61|80]0 |ne. | 34 4 p.m. | 29.84/82) T. |ne. | 13 
m. | 29.60/80] T. jne. | 36 |st. ne. || 5 p.m. | 29.83/82] T. Ine. | 10 
m. | 29.58/76].06 Ine. | 35 6 p.m. | 29.82/80] T. |ne. | 11 
on| 29.54/74].05 In. | 38 7 p.m. | 29.81/75] .18|ne.| 16 [nb ne 
m. | 29.51/73).24 In. | 45 |st. ne. | 8 p.m. | 29.81/78] T. |ne.| 15 
m. | 29.45]73/.25 In. | 48 9 p.m. | 29.80/79] O Ine. | 16 
mn, | 29.37/73|.20 Ine. | 47 |st. ne. /10 p.m. | 29.80/79} O |ne.| 17 
n. | 29.28/73].15 Ine. | 60 11 p.m. | 29.79|80} O |ne.| 18 
n. | 29.23]73].66 |ne. | 55 12 mid. | 29.79/80} .Olje 23 
n. | 29.16]74).49 |ne. | 53 16th 
n. | 29.09]/73].67 |ne. | 62 |st. ne. | 1 a.m, | 29.76/80} T. le. | 23 
n. | 29.02/73].14 |ne. | 62 2 a.m. | 29.76/80} .37/e. | 24 
n. | 28.90/76 ne. | 62 3 a.m. | 29.75/78] .02le. | 23 
n. | 28.80/76 ne.| 71 4 a.m. | 29.75|78| .06/e. | 22 
n.|28.75/77\% |e. | 73 5 a.m. | 29.76/79] O |e. | 21 
d. | 28.69/76)3 |e. | 68 6 a.m. | 29.77/79] O jé. | 22 
h lg 7 a.m. | 29.77/73] .49|/se. | 19 Inb. se. 
n. | 28.67/75|-8 je. | 73 8 a.m. | 29.78/75] .13|se. | 18 
n, | 28.64/75/5 je. | 81 Center 9 a.m. | 29.79/79} .02|se. | 17 
n. | 28.68/76/S |e. | 80 Passed 10 a.m, | 29.79/81] .02\se. | 18 |st. se. 
mn. | 28.78/77/'4 ¢|se. | 72 11 a.m. | 29.79/82} .02|se. | 17 |- | 
nm. | 28.89/76].2 g/se. | 63 12 noon| 29.79|84| O |se. | 20 |st. se. 
m. | 29.03/75|So|se. | 55 1 p.m. | 29.79]86] 0 jse. | 21 
n. | 29.16)75/-28|s. | 53 jst. s. | 2p.m. | 29.79/85] 0 |se. | 20 
m. | 29.25/73) 2als. | 55 | 3 p.m, | 29.78/85] O |se. | 20 |st. se. 
n. | 29.29/72/% |s. | 48 4 p.m. | 29.77/85] 0 |se. | 17 
n. | 29.34/72/3 js. | 51 5 p.m. | 29.75/84] 0 |se. | 16 |Center 
m. | 29.40/72 a |S. 47 6 p.m. | 29.77/84] O |se. | 17 |Passed 
on| 29.44/78/2 |s. | 41 7 p.m. |29.79/83] 0 |se. | 16 a.st. jse. 
n, | 29.49|/79|<4 |s. | 37 st. se. 
ie 8 p.m. | 29.82/82] O |se. | 15 
n, | 29.53/77/£ |s. | 35 9 39.83182] 0 15 
n, 29.55/78} |s. | 34 p.m. | 29. sef 
10 p.m. | 29.84/82} O jse. | 15 
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TropicaL CycLons on THE West Gutr Coast, Aucust 15 To 18, 1915 © 


TABLE VII 90th Meridian Time 
Galveston, Texas. New Orleans, Louisiana. 
Latitude 29° 18’ N. Longitude 94° 50’ W.||Latitude 29° 58’ N. Longitude 90° 04” 
To the right of the line followed by the/To the right of the line followed by 
center of the cyclone, 45 miles. center of the cyclone, 250 miles. 
a mn 
8 & |CLOUDS : a |CLO 
4H heal HH ka 
2 . q z = we alt 2 x = 
Pee Tevet e 1a Be eae rede 
i) Ss) Bl 4) a/s } S) a) 21a Ss 
m |Aalble] els H |/45/6) B/ 3/8 
Bra ed cialinees | eteca z 2] a Blae 
g Bs/4/8/8\)a5 So| @ |S88l4/ 8/8 lap 
PI > 
Basle /AlR Ss Bl < |Balgsi giAlre 
a |#ule]siele™ S| a | BAlal é al 
E lealgsleleel & 12] 2 | all ieee] & 
A [AZIBIS EEA! S [Al A Jawai a IE Ia! 
17th 16th 
4 p.m. | 29.56/80 g |s- | 36 11 p.m. | 29.86/82] 0 |se. | 15 
5 p.m. | 29.56/83] = |s. | 35 12 mid. | 29.86/81) O |se. | 15 
6 p.m. | 29.58/81 a s. | 32(la.st. |sw.} 17th 
7 p.m. | 29.61/82)  |s. | 26)|/cu. nb.|s. | 1 a.m. | 29.84/81} 0 |se. | 15 
8 p.m. | 29.63/73 2 s. | 23({st. 8 2 a.m. | 29.84/81] O |se. | 16 
9 p.m. | 29.66/72) @ |s. | 24 3 a.m. | 29.85/79} O |se. | 14 
10 p.m. | 29.66/73) 9 |s._ | 26 4 a.m. | 29.84/81} .Oljse. | 14 
11 p.m. | 29.66/79 ra |S. 28 5 a.m. | 29.84/81} O |se. | 15 
12 mid. | 29.67/80} g |s. | 33 6 a.m. | 29.86/81] O |se. | 14 
18th H 7 a.m, | 29.88/81] O jse. | 13 |st. 
1 a.m. | 29.68/82] - |s. | 34 8 a.m. | 29.89/82] O |se. | 14 
2 a.m. | 29.68/81} 5 |s. | 29 9 a.m. | 29.89/84] O |se. | 18 
3 a.m. | 29.69/78] & |s. | 25 10 a.m. | 29.92/85} O |se. | 20 
4 a.m. | 29.70|73) 4 |s. | 16 11 a.m. | 29.91/86} 0 |se. | 22 
5 a.m. | 29.71)78) @ Js. | 25 12 noon} 29.91/87} 0 |se. | 21 |st. cu. 
6 a.m. | 29.72/81] :5 |s. 32 / a . 1 p.m. | 29.90/88} 0 js. | 21 
7 a.m. | 29.74/82 Be 8. 304 ete a 2 p.m. | 29.90/88} O js. | 19 
8 a.m. | 29.75/82) “8. js. | 29\1°" * | 3 p.m. | 29.90/87] O js. | 18 
9 a.m. | 29.76/83] 9 |s. | 33 4 p.m. | 29.90/86} O js. | 16 
10 a.m. | 29.77/83} 5 |s. | 29 5 p.m. | 29.90|86} T. js. | 14 
11 a.m. | 29.78|84| ., |s. | 30 6 p.m. | 29.91/86} O js. | 14,|- t 
12 noon| 29.79/84] -$ |s. | 31 7 p.m, | 29.91/83] 0 |s. iif chem 
1 p.m. | 29.77/84] & |s._ | 30 8 p.m. | 29.93/82] 0 |s. | 8iioU 
2 p.m. | 29.75/84 gis. | 28 9 p.m. | 29.93)81] O |se.| 8 
3 p.m. | 29.74/84) 5 Is. | 28 10 p.m, | 29.93|80} O |se. | 7 
4 p.m. | 29.73/83 x. is. | 29 11 p.m. | 29.93/80] 0 |se.| 7 
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‘LE VIl-a 


SRVED BAROMETER READINGS AT VELASCO, Texas, Auaust 16-17, 1915. Sup- 
(ENTAL TO TasBiEe VIII. 90TH Murimian Time. (BAROMETER COMPARED AND 
/ORMAL Pressures Reaps Wiruin .08 Incu or THE MERCURIAL.) 


| 


Dn m 
5 a g B eI 8 
) S) a 3 iS) B 
se 43 2 ss Ae 3 
ia > & AS & 
zi 5a A a BR a 
n 4 Q n a 
a B - Z E ag g 
<q a ial <q a A 
fa ne = A Ae = 
16th 
:20 p.m. 29.40 ne. 10:00 p.m. 28.66 n. 
:00 p.m. 29.38 ne. 10:20 p.m. 28.60 n. 
:20 p.m. 29.36 ne. 10:30 p.m. 28.56 n. 
‘45 p.m. 29.34 ne. 10:50 p.m. 28.50 n. 
715 p.m. 29.30 ne. 11:10 p.m. 28.48 n. 
:30 p.m. "29.28 ne. 11:30 p.m. 28.40 n. 
45 p.m. 29.24 ne. 11:45 p.m. 28.34 n. 
715 p.m. 29.22 ne. 12:00 mid. 28.28 n. 
:30 p.m. 29.20 n. 17th 
:00 p.m. 29.18 n. 12:15 a.m. 28.24 n 
730 p.m. 29.14 n. 12:25 a.m, 28.18 n 
:10 p.m. - 29.12 n. 1:00 a.m. 28.14 nw. 
:-40 p.m. 29.08 n. 1:30 a.m. 28.18 nw 
:00 p.m. 29.06 n. 1:50 a.m. 28.30 nw. 
:20 p.m. 29.02 n. 2:15 a.m. 28.40 nw. 
:45 p.m. 28.98 n. 2:30 a.m. 28.45 Ww. 
:10 p.m. 28.94 n. 2:45 a.m. 28.50 w 
:50 p.m. 28.90 aa 3:15 a.m. 28.60 Ww. 
715 p.m. 28.82 n. 3:40 a.m. 28.70 Ww. 
:25 p.m. 28.80 n. 7:15 a.m. 29.20 sw. 
:40 p.m. 28.74 n. 12:40 p.m. 29.40 sw. 


Corpus Chelsie 


~~ 
° 


Figure 8. Records made during the passage of the tropical cyclone, Au 
16-18, 1915. Intersection of cross lines represents the center of the cyclone. Pt 
of small regular arrows rest on positions of stations at the time the records © 
made; figures on the left of the arrows are wind velocities in miles per hour; 
figures on the right of the arrows are the hourly precipitation measured to hundre 
of aninch. Brackets show the greatest hourly precipitation intensity. 

Heavy arrows represent the directions of the lower clouds. 

Broken arrows represent the directions of the upper clouds, the cirrus types. 

This cyclone falls in the group of the larger traveling cyclones, 
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OPICAL CYCLONES IN THE GULF AND SouTH ATLANTIC REGIONS 
—Cline. 
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figure 9. 5:00 a.m., August 17, 1915, 75th Meridian Time. Distribution of 
ssure. Isobars are drawn for each .10 of an inch. Broken line is path followed 
the cyclone. 

‘be line with arrow indicates the direction of movement of the cyclone at 5:00 a.m, 
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TROPICAL CYCLONES IN THE GULF AND CARIBBEAN REGIONS - 
—Cline. 
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essure, 11:00 a.m., August 17, 1915, 75th Merid 
h .10 of an inch. Broken line is path followed 


400° 


Figure 10. Distribution of pr 
Time. Isobars are drawn for eac 
the cyclone. . 

The line with arrow indicates the direction of movement of the cyclonic cer 
at 11:00 a.m. 
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20PICAL CYCLONES IN THE GULF AND SoutH ATLANTIC REGIONS 
—Cline. 
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Arkansas. 
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igure 11. Distribution of pressure, 11:00 p.m., August 17, 1915, 75th Meridian 
1e. pene are drawn for each .10 of an inch. Broken line is path followed by 
cyclone 

‘he line with arrow indicates the direction of movement of the cyclonic center at 
)0 p.m. 
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TROPICAL CYCLONES IN THE GULF AND SouTH ATLANTIC REGIONS 
—Cline. 
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Figure 12. Distribution of pressure, 11:00 a.m., August 18, 1915, 75th Meridia 
Time. Isobars are drawn for each .10 of an inch. Broken line is path followé 
by the cyclone. 


The line with arrow indicates the direction of movement of the cyclonic cent 
at 11:00 a.m. 
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VIII 


bPICAL CycLONE WHILE Passtnc Over CenTrau Misstssiert 
Vauutey Auacust 19-21, 1915 


‘he cyclone at 8 a. m., August 20th, when it was centered 
xr southeastern Missouri is shown in Figure 14. Here the | 
yars near the center have increased in diameter after having 
dually decreased in diameter during the preceding three days. 
e 29.6 isobar had increased in diameter to 180 miles, double 
diameter of the same isobar at 11 a. m., August 18th, two 
'g previously, when the storm was midway of the curve of 
path followed by the center. The 29.7 isobar, however, 
2zined about the same diameter and form as that at 11 a. m., 
gust 18th. The isobars at this time were crowded together in 
left front quadrant and spread out causing a bulge in the 
it rear quadrant. 
“he increase in the intensity of this cyclone while Pah o 
r the central Mississippi Valley and the occurrence of exces- 
2 precipitation nearly as heavy as that recorded when the 
lone first moved in on the Texas Coast, makes a study of the 
ditions in the cyclonic area at this time of special importance 
ause the cyclone has advanced far into extra-tropical regions. 
2 detailed meteorological data recorded at eight stations, four 
the right and four on the left of the line followed by the 
lonic center, are given in Table VIII. The relations of the 
ds and precipitation to the cyclonic center and its direction 
movement are charted in Figure 15. In the right front 
.drant the winds have about the same inclination towards the 
ter of the cyclone as found when the cyclone moved in on the 
lf Coast. In the left front quadrant they are inclined more 
rard the center and move back almost directly opposed to 
line of advance. In the left rear quadrant directions are 
1ewhat across the line of advance of the cyclone. In the right 
> quadrant the winds have the same general direction as that 
which the cyclone was traveling, the same as found on the 
f Coast and in the Florida Straits. Heavy precipitation 
arred in the front and the right front quadrant, but with the 
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passage of the cyclonic center the precipitation fell off rapidh 
at all stations and soon ceased altogether. 

At St. Louis, Mo., 40 miles to the left of the line followe 
by the center, the rainfall was continuously heavy for fourtall 
hours before the passage of the center; the total rainfall befo 
the passage of the center was 6.51 inches and only .88 of an ine 
fell after the passage of the center. At Cairo, IIL, 60 miles t 
the right of the center, the rainfall was 2.43 inches before thi 
passage of the center and .05 inch after the passage of the cent 
At Memphis, Tenn., 110 miles to the right of the center, 4. 
inches fell before the passage of the center and .05 inch afte 
the center had passed. At Springfield, Mo., 80 miles to the 
of the center, there was 3.15 inches before and .29 of an in 
after the passage of the center. 

The lower clouds changed direction in several instances befol 
the winds changed to the same directions. No upper clou 
were recorded in the front of the cyclonic area and those recorde 
in the rear were from the west and southwest, having the s 
direction as the prevailing air current of that region. | 

On the morning of August 21st, the cyclone had diminishei 
in intensity as shown in Figure 16. The lowest isobar whid 
could be drawn to a pressure reading was 29.6; during the pre 
ceding 24 hours this isobar had decreased in diameter about 6 
miles, from 285 miles at 8 a. m., August 20th, to 225 miles até 
a. m., August 21st. The isobars were then crowded in the fron 
half and spread out showing a bulge in the right rear quadrah 
of the cyclonic area. The storm continued to diminish in im 
tensity as it traveled towards the northeast, as is shown 0 
Figure 17, 8 a. m., August 22, 1915. Here the isobars spreal 
out in the right rear quadrant of the cyclonic area towards 
region of heavy precipitation which resulted from the air bein 
drawn over mountain ranges. . 
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Tropical Cyctone WaiILE Passine Over THE CrentRAL Mississippt VALLEY, 
Aveust 19 To 21, 1915 


90th Meridian Time 


BLE VIII 


titude 39° 05’ N. Longitude 94° 37’ W. 
the left of the line followed by the 


Kansas City, Missouri. 


Hannibal, Missouri. 


Latitude 39° 41’ N. Longitude 91° 20’ W. 
To the left of the line followed by the 


iter of the cyclone, 225 miles. center of the cyclone, 150 miles. 
° fs CLOUDS} 2 a CLOUDS 
m Eee a meats 
ah & £. Bese R : 2 
Ble |RlE| S\e le |e RIE Sle 
° 1S) aI A EB =I [e) oS i a 2 Is; 
m | Sab) 2] 3/3 BH |SslBl | gle 
&| 8 B/a|o 
6 eels elA lee c} ge | else] & es 8 
Bale) E|Ale Ss 5 Ba l|s| e/a lee I 
D a ian 3) s n = jan o 
B | es(El 8/218 a) & |22/8|3) 2/8 3 
OQ |eAZisie/ElEa| 4 1A] A jae lala |e iee A 
Oth } 19th 
a.m. 64/0 |ne.| 12 1 a.m. | 30.09/66] 0 |ne. wl 
a.m. 64/0 |ne.| 12 2 a.m. | 30.08/65] 0 |ne. 9 
a.m. 64/0 |ne.} 11 3 a.m. | 30.07/64) 0 |ne. 9 
a.m. 63}0 |ne.| 13 4 a.m. | 30.08|63) 0 Ine. 8 
a.m. 63}0 |ne.| 12 5 a.m. | 30.09/63} 0 jne. | 10 
a.m. 63}.05 |ne. | 14 6 a.m. | 30.09/62} 0 |ne. | 11 
a.m. | 30.03/62) T. jne.| 15 |nb. ne.| 7 a.m. | 30.09/61) 0 Ine. | 11 |st. cu. |ne. 
a.m.}| , (62/1. ine.| 15 8 a.m. | 30.09/60) 0 |ne. | 11 
a.m. 62) T. Ine. | 15 9 a.m. | 30.08/63) 0. Ine. | 18 
a.m. | 30.04/63) 0 jne.| 15 10 a.m. | 30.08/66] 0 jne. | 17 
oe 66/0 |ne.| 16 11 a.m. | 30.07/68] 0 jne. | 18 
oon} 80.00/67/ 0 |ne.} 18 12 noon] 30.06/70) 0 |ne. | 16 
p.m, 69} 0 |ne.} 20 1 p.m. | 30.04/72}; 0 |ne. | 15 
p.m. | 29.95/72) 0 |ne.| 22 2 p.m. | 30.03/73] 0 ne. | 15 
p.m. 72)0 |ne.| 19 3 p.m. | 30.02/73) 0 |ne. | 15 
p.m. | 29.93/72) 0 |ne.| 20 |st. cu. |ne.| 4 p.m. | 30.01/73) 0 |ne. | 15 
p.m. 71)0 jne.| 19 5 p.m. | 29.99/72}0 Ine. | 14 
p.m. | 29.92/70) 0 jne.| 14 6 p.m. | 29.97/71] 0 |ne. | 11 
p.m. 69/0 jne.| 19 |st. cu. jne.} 7 p.m. | 29.96/70) 0 Ine. | 9 
p.m. | 29.92/69) 0 jne.| 17 8 p.m. | 29.95/69) 0 |ne. | 10 
p.m. 68/0 jne.| 20 9 p.m. | 29.94/68] 0 |ne. | 11 
p.m. | 29.92/68} 0 j|ne.| 20 110 p.m, | 29.93/67} 0 Ine. | 11 
p.m. 67|0 |ne.| 16 11 p.m. | 29.92/67/0 |ne. | 8 
mid. | 29.90/66/0 jn. | 14 12 mid, | 29.90/66} 0 |ne. | 7 
Oth 20th 
a.m. 65/0 |n. | 14 1 a.m. | 29.86/65] 0 jne. | 11 
.m. | 29.86/64) 0 jn. | 14 2 a.m, | 29.84/64] 0 me. | 12 
am. 63/0 In. | 18 3 a.m, | 29,82/62}.02 jne. | 11 
.m. | 29.85/62) 0 |n. | 13 4 a.m. | 29.79/60].06 Ine. | 11 
.m. 61;0 jn. | 13 5 a.m, | 29.77|59}.06 |n. 11 
a.m. |29.85/61/0 |n. | 13 6 a.m. | 29.76/59}.10 In. | 13 
m0. O jn. | 14 Ja. st. |nw.| 7 a.m. | 29.75]/58).10 Jn. 15 |nb. n 
m. 0 in. | 18 8 a.m. | 29.75/58}.14 |n. 13 
.m. OM ie eka 9 a.m. | 29.74|58].15 In. | 14 
m. 0 In. | 20 10 a.m. | 29.73/57|.10 jn. | 15 
.m. 0 |n. | 21 |Center 11 a.m. | 29,71)/58).07 Jn. | 15 
0 In. 29.701571.05 In. 


Passed 


12 noon 
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TroprcaL CycLonE WHILE Passtne Ovnr THE CENTRAL MississIpPI VALLEY, 
Avaust 19 ro 21, 1915 


TABLE VIII 90th Meridian ie — 
Kansas City, Missouri. Hannibal, Missouri. ~ 
Latitude 39° 05’ N. Longitude 94° 37’ W.||Latitude 39° 41’ N. Longitude 91° 20’ 
To the left of the line followed by the|To the left of the line followed “a 
center of the cyclone, 225 miles. center of the cyclone, 150 miles. 
8 a 8 n , 
8 A CLOUDS 8 fc ool 
2 See 2 Es Wh 
. Zz . 7 
Bahay ie) Ee le Bole IIS) Sle : 
9 |S: |a/4/B/s 2 |2 |sliS| Els ; 
GS hese) 2) 218 Fp nae B el gle 
= % qq 
a ge lgls|elae8 i g ab|Sis| (ae 
BAS) EIAlES B BR lel z|A lee 
a | woe é = Se | eoiel a = 
c ffalealels| 2 |e] & |Eale Ale lel & 
A |s2ie|a Flea) M 1A] A |aZ2igia|&e lea 
20th 20th 
1p.m. 71/0 |n. | 24 1 p.m. | 29.70/58/.01 |n. | 18 
2 p.m. | 29.84/73] 0 |n. | 23 2 p.m. | 29.69/58].06 In. | 23 
3 p.m. 73)0 |n. | 22, 3 p.m. | 29.69)60|.05 In. | 17 
4 p.m. | 29.84/74/0 [In. | 19 4p.m. | 29.69|62].07 jn. | 11 
5 p.m. 74/0 |n. | 20 5 p.m. | 29.69|62].04 In. | 14 |Center 
6 p.m. | 29.85/73} 0 |n. | 17 6 p.m. | 29.70|62).04 In. | 16 | Passed 
7 p.m. 71/0 jn. | 14 |ci. st. [nw.] 7 p.m. | 29.71/63}.06 In. | 16 
8 p.m. | 29.88/69] 0 jn. | 11 8 p.m. | 29.71/63} T. |n. | 11 
9 p.m. 68/0 in. | 11 9 p.m. | 29.72|/64/0 |nw.| 10 
10 p.m. | 29.90/66} 0 [n. 6 10 p.m. | 29.73/64) 0 jnw.} 11 
11 p.m. 64/0 |n. 6 11 p.m. | 29.74/64) 0 [nw.| 12 
12 mid. | 29.90/64|0 |n. 6 12 mid. | 29.75/64) 0 jnw.| 13 
21st 21st 
1 a.m. 0 |n. 5 1 a.m. | 29.76/64) 0 |nw.| 14 
2 a.m. | 29.90 0 |n. 6 2 a.m. | 29.77|64|0 |nw.| 13 
3 a.m. 0 |nw.| 6 3 a.m. | 29.78/63} 0 |nw.| 13 
4 a.m, | 29.90/59}0 Iw. | 7 4 a.m. | 29.79|62}0 |nw.| 9 
5 a.m. 0 |w. 8 5 a.m. | 29.80/61)0 jnw.| 9 
6 a.m. | 29.92/58} 0 jw. | 10 6 a.m. | 29.81/61/0 |nw.| 9 
7 a.m. 58] 0 |w. 7 |Cloudlless | 7 a.m. | 29.84/61/0 |nw.| 8 
8 a.m, | 29.94/63) 0 fw. 7 8 a.m. | 29.86/62}0 |nw.| 8 |a. st. 
9 a.m. 0 Iw. 8 9 a.m. | 29.86/65) 0 |nw.| 9 
10 a.m. | 29.96/74) 0 |nw.) 11 10 a.m. | 29.87/70} 0 |nw.| 10 
11l-a.m. 0 |nw.| 10 11 a.m. | 29.88/73) 0 |nw.| 9 
12 noon| 29.94 0 |nw.| 8 12 noon| 29.91/74; 0 |nw.} 10 
1 p.m. 80/0 |n. 8 1 p.m. | 29.91/76] 0 |nw.| 9 
2 p.m. | 29.95)81| 0 ‘jnw.| 7 2 p.m. | 29.90/77) 0 jnw.| 8 
3 p.m. 0 |nw.| 7 3 p.m. | 29.90/78) 0 |jnw.| 8 
4 p.m. | 29.92/81) 0 |n. 8 4 p.m. | 29.90/78) 0 |nw.| 9 
5 p.m. 80) 0 |n. 8 5 p.m. | 29.88/78} 0 |jnw.| 8 
6 p.m. | 29.91 0 |nw.| 6 6 p.m. | 29.87]78} 0 |nw.| 4 
7 p.m. 77|0 jnw.| 5 |ei. w. | 7 p.m. | 29.88/73} 0 |nw.| 4 
8 p.m. | 29.92/75) 0 |nw.} 4 8 p.m. | 29.90/66] 0 |sw.| 5 
9 p.m. 73/0 |nw.| 1 9 p.m. | 29.91/65] 0 |sw.| 6 
10 p.m. | 29.92/72/0 |0 0 10 p.m. | 29.93/63} 0 |sw. | 7 
11 p.m. 0 |nw.| 1 11 p.m. | 29.92/62}0 |sw.| 7 
12 mid. | 29.92 ‘ee 12 mid. | 29.92/61) 0 ile! 


DATA IN CYCLONES Gil 


PROPICAL CycLONE WHILE Passine OVER THE CenTRAL Mississippi VALLEY, 
Aveust 19 To 21, 1915 


BLE VIII 90th Meridian Time 


Springfield, Missouri. Saint Louis, Missouri. 


titude 37° 12’ N. Longitude 93° 18’ W.|Latitude 38° 38’ N. Longitude 90° 12’ W. 
the left of the line followed by thelTo the left of the line followed by the 


iter of the cyclone, 95 miles. center of the cyclone, 40 miles. 
a a 
in| D bs Dn 
g 5 CLOUDS E 5 CLOUDS 
n “le mn ai = 
18 REISE e | 8 REIS hb 
See ries | Fie © |2 la 3/6 1s 
| ics P Blalso jaa] 4a\6 El Blo 
2 [able S|E (Be gE lElS| eRe g 
4 (BS /e/ BA IES E| 2 |B lglEla ies E 
2 |@clelsieleS| o left a | #ulelslejem : 
2 |eAlzialelee| & |e] & |ealz el 2lae| & lz 
A JRZIRIA IE IEA! SM 1A] A lhZinia se lea} & 1A 
th 19th 
.m. | 29.97|67|.02 |e it 1 a.m. | 30.07/63] 0 |e. 8 
.m. | 29.96|67|.04 |e 12 2 a.m. | 30.05/63) 0 |e. 8 
.m. | 29.95|67|.02 le 8 3 a.m. | 30.04/63] 0 |e. 10 
.m. | 29.93]67}.01 Je z 4 a.m. | 30.04/63} 0 |e. 11 
.m. | 29.93|67].01 Je 8 5 a.m. | 30.05/63] 0 Je. 10 
,m. | 29.92/67].07 |e. Zi 6 a.m. | 30.05/63} 0 |ne. | 10 
.m. | 29.92/66}.12 |e 11 |nb. e. | 7 a.m. | 30.05/63] 0 |e. 10 |st. e. 
.m. | 29.92/66].03 Je. | 12 8 a.m. | 30.04/63] 0 |e. 9 
.m. | 29.91]67}.04 Ine. | 13 9 a.m. | 30.03/64) 0 |e. 10 
.m, | 29.89]/67].06 Je. | 13 10 a.m. | 30.03/65] 0 |e. ual 
.m. | 29.87|66}.12 |ne.} 15 11 a.m. | 30.02/68/0 |ne. | 13 
oon| 29.82/65}.12 Ine. | 15 |nb. e. 12 noon| 30.01/68/0 |ne. | 11 
m. | 29.81/66].06 |ne. | 16 1 p.m. | 30.00/67) 0 |e. 9 |st. e. 
m. | 29.80/65].09 |ne. | 17 2 p.m. | 29.99|66}.01 Je. 12 
.m. | 29.77|65).07 |ne. | 18 3 p.m. | 29.98/65).02 |e. 9 
m, | 29.77|64).21 |ne. | 20 4 p.m. | 29.97|64|.01 je. | 12 
.m. | 29.75/64|.19 Ine. | 18 5 p.m. | 29.93/63) T. Je. 12 
.m. | 29.74)/63|.25 Ine. | 19 6 p.m. | 29.93)64| T. |e. 14 
.m. | 29.71|/62].21 |ne.| 17 |nb. ne. 7 p.m. | 29.91)64).01 |e. 16 |st. cu. |se. 
.m. | 29.71|61}.17 Ine. | 18 8 p.m. | 29.91/63}.01 |e. 17 
.m. | 29.71|61).42 Ine. | 18 9 p.m. | 29.91/63}.07 Je. 16 
-m. | 29.71/62}.35 |ne. | 20 10 p.m. | 29.88]62).12 |e. 16 
-m. | 29.70|/61}.25 |ne. | 19 11 p.m. | 29.86/61).10 Je. 18 
id. | 29.68)/61].11 |ne. | 17 12 mid. | 29.82/61).09 |e. 18 
h 20th 
.m. | 29.67|60].04 |n. | 17 1 a.m. | 29.78/61).09 |e. 22 
.m. | 29.66/60).04 In. | 19 2 a.m. | 29.74/61].22 Je. 25 
.m. | 29.65/60|.01 jn. | 20 3 a.m. | 29.67|/62].39 Ine. | 29 
.m. | 29.64/60|.02 |n. | 21 |Center 4 a.m. | 29.63/62].50 |ne. | 37 
.m. | 29.65]/60}.01 Jn. | 20 |Passed 5 a.m. | 29.59/62).55 jne. | 41 
m. | 29.65/60}.01 |nw.| 21 6 a.m. | 29.54/62).49 |ne. | 45 
.m. | 29.66|60].01 |nw.] 21 |nb. nw.| 7 a.m. | 29.50/62|.54 Ine. | 44 |nb. ne. 
-m. | 29.68/60].05 jnw.| 23 8 a.m. | 29.47|61).49 Ine. | 37 
m. | 29.70|60).07 |nw.} 21 9 a.m. | 29.44/62).41 Ine. | 42 
m. | 29.72/58|.04 |nw.) 19 10 a.m. | 29.42/62].49 jne. | 40 
‘m. | 29.73/58].06 |nw.| 21 11 a.m. | 29.39/62).41 |ne. | 41 
‘00 (12 noon 
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TropicaL CycLone WniILE Passive Over THE CENTRAL Mississippi VALLEY, 


TABLE VII 


TROPICAL CYCLONES 


Aucust 19 To 21, 1915 
90th Meridian Time 


Springfield, Missouri. 


Latitude 37° 12’ N. Longitude 93° 18’ W. 
To the left of the line followed by the 


center of the cyclone, 95 miles. 


Saint Louis, Missouri. 
Latitude 38° 38’ N. Longitude 90° 12” 
To the left of the line followed by 
center of the cyclone, 40 miles. 


eat 
a 
| n 
2 8 CLOUDS 
= = 
n ‘Tale A mn 
fi] 4 be 
8 |g z B/& : E 
m |Sal6)elele H 142 
gElel4a!/ eles & ab 
a Silala|e/a ° z > 
5 Bye} o jay Fay E a 
me|4| & jan (3) ae 
B /elelgi|2/2e| @ |e) & | as 
A |dZislGlEled) 4 Al A jae 
20th 20th 
1 p.m. | 29.76/57 T. |nw.} 19 1 p.m. | 29.38 
2 p.m. | 29.77/58] 0 |nw.| 20 2 p.m. | 29.37 
3 p.m. | 29.79/62) 0 |nw.| 20 3 4 m, | 29.37 
4 p.m, | 29.81/64] 0 |nw.| 20 4 p.m, | 29.40 
5 p.m. | 29.84/65| 0 faw.} 15 5 p.m. | 29.42/5¢ 
6 p.m. | 29.85/66] 0 jnw.! 10 6 p.m. | 29.46 
7 p.m, | 29.86/65] 0 |nw.) 8 |st. cu. jnw.} 7 p.m. | 29.51 
8 p.m. | 29.87/63} 0 |nw.| 7 8 p.m, | 29.54 
9 p.m. | 29.88)/61|0 nw.) 6 9 p.m. | 29.56 
10 p.m. | 29.89/60} 0 jnw.| 8 10 p.m. | 29.59 
11 p.m. | 29.90/59} 0 jnw.| 9 11 p.m. | 29.61 
12 mid. | 29.89/58] 0 |nw.| 6 12 mid. | 29.64 
21st 21st 
1 a.m. | 29.90/56}0 |Inw.| 5 1 a.m. | 29.66 
2 a.m. | 29.90|55|0 |Inw.| 6 2 a.m. | 29.68 
3 a.m, | 29.90/54) 0 [Inw.} 6 3 a.m. | 29.71 
4 a.m. | 29.91/53) 0 |Inw.| 5 4 a.m. | 29.74 
5 a.m, | 29.93/53|0 |nw.| 7 5 a.m. | 29.78 
6 a.m. | 29.95/53) 0 |nw.| 7 6 a.m. | 29.79 
7 a.m. | 29.96/56] 0 |nw.| 6 |Cloudlless ‘ : 
8 a.m. | 29.97/58} 0 |nw.| 7 
9 a.m, | 29.99]61)0 |nw.| 7 
10 a.m. | 30.00/65) 0 |nw.} 10 
11 a.m. | 30.00/67) 0 |nw.} 10 
12 noon| 30.00/69] 0 |nw.| 9 
1 p.m. | 29.99/71} 0 |nw.) 6 
2 p.m. | 29.98/72) 0 |Inw.| 8 
3 p.m. | 29.96/73} 0 [nw.| 9 
4 p.m. | 29.95/74) 0 |w. | 8 
5 p.m. | 29.95/75)0 Iw. | 7 
6 p.m. | 29.94/75) 0 jw. § 
7 p.m. | 29.94/72)0 jw. | 4 
8 p.m. | 29.94/70}0 |w. | 5 
9 p.m. | 29.94/68} 0 |w. | 2 
10 p.m. | 29.94/67}0 jw. | 2 
11 p.m. | 29.95/66] 0 jw. | 2 
12 mid. | 29.94/6510 Iw. | 2 


| TEMPERATURE F. 


04 


ESAS | PRECIPITATION IN INCHES 


| Winp DIREcTION 


roto | 
wo 


Winp Vetociry MitEs 


Prr Hour 
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ROPICAL CycLoNE WHILE Passine Over THE CENTRAL Mississippi VALLEY, 
Aveust 19 ro 21, 1915 


SLE VIII 90th Meridian Time 


Cairo, Illinois. Little Rock, Arkansas. 


tude 37° 00’ N. Longitude 89° 10’ W.|Latitude 34° 45’ N. Longitude 92° 06’ W. 
he right of the line followed by the]To the right of the line followed by the 
er of the cyclone, 60 miles. lcenter of the cyclone, 90 miles. 


mn n 
3 3 
iso} RQ \ ie] n 
8 3 CLOUDS} S  |CLOUDS 
A a La 2 alee 
1B. el El Sle Bie lel El ele 
o |8/2/8/s 6 o 18/4) 6/8 
| | ASB) Bl els | B |4al6/e| ea] 
eee) eles a aPlels|siae a 
‘ a] s © </ a | ° 
| |BalB EIA\E eS e| & Bale) | Ale S 5 
1 | 2a 18/8/68 lee a] @ | 2 lel8| 2 lee 5 
| |eslzlalelee) 2 |e] & | Saiz) alae) 2 |e 
 JA@lci ale iea| 4 [Al aA |a@iaja|e lea) 4 A 
th 19th 
m. | 30.00/69].02 jne.| 8 | 1 a.m. | 29.86/72].06 |e. 10 
m, | 29.98/68].03 jne.| 9 | 2 a.m. | 29.84/72! T. le. 11 
m. | 29.97|68].03 jne.| 8 1 3 a.m. | 29.83/72].02 |e. 9 
m. | 29.98/68].04 |ne.| 9 4 a.m. | 29.81/72!.08 |e. 10 
m. | 29.98|68|.05 |ne.| 8 1 5 a.m. | 29.79/73}.03 |e. 10 
m. | 29.99|68}.03 |ne. | 10 6 a.m. | 29.77|74).09 |e. 15 
m. | 29.99]67|.03 jne 9 |nb. ne. | 7 a.m. | 29.76|74|.11 Je. 17 |nb. e. 
.m. | 30.00/67}.06 Ine.| 7 8 a.m. | 29.75/74|.12 Je. | 20 
m. | 29.98]/68].05 |ne 7 1 9 a.m. | 29.73/73].35 |se. | 21 
m. | 29.96]/69|.02 |ne 9 10 a.m. | 29.71|73).18 |se. | 22 
m. | 29.95]/69|.03 |ne.| 8 J11 a.m. | 29.70/73}.10 Ise. | 22 
oon| 29.94)70}.01 |ne.| 7 12 noon| 29.68|74|.02 |se. | 23 
m. | 29.94|70).08 jne.|_ 7 |nb. ne. | 1 p.m. | 29.66/76].02 |se. | 24 
m. | 29.92|71}.02 [ne 9 2 p.m. | 29.63/74].08 |se. | 20 
m. | 29.91/71}.09 |ne 8 3 p.m. | 29.61/74).07 |se 17 
m. | 29.89|71|.07 |ne. | 11 4 p.m, | 29.59/75}.05 |se. | 17 
m. | 29.87|70).02 |ne. | 12 5 p.m. | 29.57|74|.14 |se. | 14 
m. | 29.84/69}.02 |ne. | 14 6 p.m. | 29.54/74].05 |se 16 
‘m, | 29.82/69|.04|ne.| 16 |nb. |e. | 7 p.m. | 29.52/74|.06|s. | 19 Inb. js 
m. | 29.79/69|.02 |ne. | 18 8 p.m. | 29.52)75).10 |s. 18 
m. | 29.78/69).04 |ne. | 18 9 p.m. | 29.52)75).01 |s. 16 
.m. | 29.75/68).12 |ne. | 18 10 p.m. | 29.51/75) T. |s. 16 
m. | 29.71/69}.25 |ne. | 20 11 p.m. | 29.50/75} T. js. 14 
uid. | 29.66/70}.17 |ne. | 23 12 mid. | 29.49|75| T. js. 14 
ch | 20th ; 
™m. m, | 29.48|72| T. |sw. | 18 
T. |sw. | 16 |Center 
As 
01 
ate, 
0 
0 
0 
0 
0 
0 
0 
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Tropican Cyctons WxiLn Passine Over THE CenTRAL MisstssipPt VELLEY, 
Avuaust 19 To 21, 1915 


CYCLONES 


: 
4 


TABLE VIII 90th Meridian Time 
Cairo, Illinois. Little Rock, Arkansas. 
Latitude 37° 00’ N. Longitude 89° 10’ W.|Latitude 34° 45’ N. Longitude 92° 06’ i 
To the right of the line followed by the|To the right of the line followed by th 
center of the cyclone, 60 miles. center of the cyclone, 90 miles. 
eo Q : 
& n S| n 
g fe CLOUDS I CLOUD! 
ial ies Lae} 
n f = 2 alle = 
ee Elsi e |e el 8). 
° 5S |8|8|8/8 2 S |8lal als 
m | 4a/6) 6/8] mH |)4a/6) 2) 8 /s 
pe [eb lgle|B/ a8 6) 2 |ablgié| 8186 . 
< 5A Ble |Ale sg a 42 | B8le z/A lees 
= Q = jaa} iS) mea} al a ae] 
a (#alalelele=| e |e] e |#alels|eleel a 
E jaalgia|eies! & |B) & |Gs\8) 8) 6 \ee | 
a \ElBlGlEleg| 4 [A] A |é¢leleale lea] wo 
20th 20th . 
1 p.m. | 29.38/72] T. |s. | 19 |st. cu. js. | 1 p.m. 29.71|76|0 |w. | 21 ; 
2 p.m. | 29.38]70) T.|s. | 23 |Center 2 p.m. | 29.72/77|0 |w. | 21 
3 p.m. | 29.38]67| T. |s. | 22 |Passed 3 p.m. | 29.74/79] 0 jw. | 22 
4 p.m. | 29.39/65|.02 |sw.| 24 4 p.m. | 29.76/80) 0 jw. | 19 . 
5 p.m. | 29.44/64|.01 |sw.| 30 5 p.m. | 29.77/79] 0 jw. | 17 
6 p.m. | 29.47/64|.02 |sw.| 30 6 p.m. | 29.78/78] 0 |w. | 16 
7 p.m. | 29.51/63] T. |sw.| 25 Inb. — jnw.| 7 p.m. | 29.80/76 O |w. | 11 |Cloudlles 
8 p.m. | 29.55/63) T. |sw.| 24 8 p.m. | 29.82/73) 0 |sw.| 7 
9 p.m. | 29.60/64] T. |sw.| 24 9 p.m. | 29.84/72) 0 jw. ia | 
10 p.m. | 29.63/64] T. |sw.| 23 10 p.m. | 29.86]71| 0 fw. 8 ; 
11 p.m. | 29.64/63) T. |sw.| 22 11 p.m. | 29.87/71) 0 }w. 8 
12 mid 0 |sw.| 21 12 mid. | 29.88]/70| 0 fw. 6 
21st 
0 lw. | 17 1 a.m. | 29.89/69] 0 fw. 4 
0 |w. | 15 2 a.m. | 29.91/67|0 |nw.| 4 
; 0 |sw.| 17 3 a.m. | 29.91/67) 0 |w. 5 
: 0 |sw.| 17 4 a.m. | 29.91/66] 0 jw. 5 
f O |w. | 14 5 a.m. | 29.92)64| 0 |w. 5 
: 0 |w. | 12 6 a.m. | 29.93/64] 0 |nw.}| 6 / 
: 0 |sw.| 7 Ja.st. |w. | 7 a.m. | 29.94/65|0 |nw.| 5 |Cloudlle 
; 0 jw. | 8 8 a.m. | 29.96/66) 0 jnw.| 7 . 
, 0 |w. | 10 9 a.m. | 29.98/69) 0 |nw.| 8 
10 a.m. Oni ip eo 10 a.m. | 30.01/71) 0 |nw.| 8 
11 a.m 0 |w. | 10 11 a.m. | 29.99/73} 0 |nw.| 8 
12 noon O |w. | 12 12 noon| 29.98/74) 0 |nw.| 7 
m. 0 lw. | 10 1 p.m. | 29.98/75) 0 |nw.| 10 
m. 0 jw. | 10 2 p.m. | 29.97/77} 0 |nw.| 10 
m. 0 |w. 9 3 p.m. | 29.96/78} 0 |Inw.} 10 
m. 0 jw. |-10 4 p.m. | 29.95/79}0 |nw.| 9 
m. 0 |w. 8 5 p.m. | 29.94/78] 0 jnw.| 8 
.m. O lw. | 5 6 p.m. | 29.93)77| 0 aheO) 
.m. 0 |w. 3 Ist. cu. fw. || 7 p.m. | 29.93/76) 0 5 
m. 2|0 Iw. 3 8 p.m. | 29.94/74) 0 1 
.m. 0 |w. 3 9 p.m. | 29.94/73} 0 2 
10 p.m. 0 lw. 2 10 p.m. | 29.95|71) 0 4 
11 p.m. 0 jw.| 1 11 p.m. | 29.95/70) 0 4 
12 mid. 0 Iw. 3 12 mid. | 29.96/70! 0 3 


DATA IN CYCLONES 


ROPICAL CYCLONE WHILE Passive Over THE CenTRAL Mississippi VALLEY, 
Aveust 19 To 21, 1915 


SLE VIII 90th Meridian Time 
Memphis, Tennessee. Nashville, Tennessee. 
tude 35° 09’ N. Longitude 90° 03’ W.|Latitude 36° 10’ N. Longitude 86° 47’ W. 
he right of the line followed by thel|To the right of the line followed by the 
sr of the cyclone, 140 miles. center of the cyclone, 200 miles. 
he aie tke | 
g 3 CLOUDS z | CLOUDS 
Ke |Z a n Alera = 
Pie le] Sle Ble ele! Sle 
’ iS) a| 4] e ‘3 }° (3) al 424i eis 
Po haateye | StS Mm | 4arele| 25 
Q|° Lal Sel ie) ie) 
fable al elae| = | 3 gelsla/EiS8) [8 
Balai Elales 5 g Bala) el A |> 6 B 
Ae |e) & a S) ao |s| & en iS) 
| |ealelsleleel e [al @ | #a/gle| ale : 
| | ealeleleiee| 2 |e) & |ealalalaiee| & |e 
ESIGA\GlElIEE) 2 |Al A |A2IG/A/E IEA] o IA 
h 19th 
m. | 29.98/73] .09|e. 8 1 a.m. | 30.04/70).01 |ne 6 
im. | 29.98/73} .91le. 6 2 a.m. | 30.03/70}.02 |ne a 
im. | 29.95/72} 1.02/e. 2 3 a.m. | 30.03|70}.01 jne. | 6 
im. | 29.94/72] .14/e. 7 4 a.m. | 30.03|70}.01 jne. | 6 
| 29.93/73] 0 |e. 3 5 a.m. | 30.03/69].02 Ine. | 7 
29.93/74! O |e. 2 6 a.m. | 30.03/69].04 |ne. | 7 
29.93/75) 0 |e. 4 |st. cu. je. | 7 a.m. | 30.03/70).03 Ine. | 7 |st. ne. 
29.94/75] 0 |e. 5 8 a.m. | 30.03/70|.01 Ine. | 6 
29.94/76) O |e. 6 9 a.m. | 30.04/71|.11 |ne. | 4 
29.93|77| 0 |e. a 10 a.m. | 30.03/71).25 Jne. | 5 
29.91/79] O |se.| 6 11 a.m. | 30.02/72) T. |jne. | 9 
29.86/82] 0 |se.| 4 12 noon| 30.01/73).14 |ne. | 7 
29.84|77| .28|se. | 6 |nb. se. | 1 p.m. | 30.00/73).18 |se. 3 |st. cu. |? 
29.81/77) .02\e 6 2 p.m. | 29.98/73|-T. ne. | 5 
29.79/77] .04/e 6 3 p.m. | 29.98]75;}0 jne. | 5 
29.77|77; .07le. 8 4 p.m. | 29.98/74;0 |ne. | 9 
29.76|76| .58)se 7 5 p.m. | 29.97/74; 0 |ne. | 10 
29.73|76| .O1le 9 6 p.m. | 29.96/73] T. ne. | 9, ot. |g 
29.71\76) ose. | 9 nb. fs. | Zp.m.|29.95]73| Tle. | 12(/8 5° 
29.70/75] .03|se. 9 8 p.m. | 29.95/72) T. |e. TIS 
29.68/75] .02jse. | 15 9 p.m. | 29.94/72| 0. Je. 12 
. | 29.66|75] .06)se. | 16 10 p.m. | 29.94/71] T. |e. 8 
. | 29.62/74] .13}]se. | 15 11 p.m. | 29.92/71} 0 |e. 9 
id. | 29.61/74) .59/se. | 14 12 eee 29.91)71/ 0 |e. 10 
20t 
. | 29.57/74] .20|se. | 15 1 a.m. | 29.86|71).01 |e. 10 
. | 29.55/75] .09|s. | 14 2 a.m. | 29.85/71! T. Je. 11 
. | 29.53/75] 0 |s. | 14 3 a.m. | 29.80/70}.03 |e. 15 
. | 29.52/74] 0 |sw.| 15 |Center 4 a.m. | 29.78|71|.04 se. | 16 
m. | 29.52/73) 0 |sw.| 17 |Passed 5 a.m. | 29.72|71|.06 |se. | 23 
. | 29.53/73] 0 |sw.| 17 6 a.m. | 29.69/71|.05 |se. | 29 
. | 29.56/71] .01|sw.} 21 |st. sw.| 7 a.m. | 29.65/71].01 |se. | 30 |st. se. 
8 a.m. | 29.64|70].07 |se. | 33 
9 a.m. | 29.65]75}.01 |se. | 25 
10 a.m. | 29.63/76] 0 |se. | 26 
11 a.m. | 29.62|74|.34 |s. 26 
12 noon! 29.60|73!.01 's. 27 
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Troprcan Cyctons Wuitn Passtnc Over Tan Cunrran Mississrprr VALLE: 
Avaust 19 To 21, 1915 


TABLE VIII 90th Meridian Time 
Memphis, Tennessee. Nashville, Tennessee. 
Latitude 35° 09’ N. Longitude 90° 03’ W.|Latitude 36° 10’ N. Longitude 86° 47” 
To the right of the line followed by theo the right of the line followed by 
center of the cyclone, 140 miles. center of the cyclone, 200 miles. 
2 R : 
fe cn mn : 
3) — |CLOUDS Q 8 CLOUD 
A) |g ele 
nm =a nm a 
Ble fey B) 8). Ble je 2) & | 
5 is) g A Baes 5 ‘S) g iS 5 I 
mM | 4a/6/2/ 3/8 ) H |4alBl el} als 
gE lS) aE lee | ge |s|a| 2 \ee 
g BAle| F/Q |p 0 a g Baal a leo 
at |e| & an 18 a ae |B) & td 
A |A2\6 AE IER) 4 lal A |de@lala| Bed 
20th 20th i 
1 p.m. | 29.63/73; O jw. | 35 |st. cu. |sw.| 1 p.m. | 29.60/78).09 |s. 29 |st. cu. |S 
2 p.m. | 29.64/70) T. jw. | 17 2 p.m. | 29.59/78] T. |s. 26 |Center| 
3 p.m. | 29.65/75] T. jw. | 22 3 p.m. | 29.60/76] 0 |sw. | 33 |Passe 
4 p.m. | 29.67/75] T. |sw.| 28 4 p.m. | 29.62/73] 0 |sw. | 30 
5 p.m. | 29.72/76) 0 jw. | 28 5 p.m. | 29.61/74) T. |s 24 
6 p.m. | 29.73/76] 0 jw. | 24 6 p.m. | 29.62/70).09 |sw. | 30 
7 p.m. | 29.77/75] O fw. | 18 |st. cu. jw. | 7 p.m. | 29.63)/69| T. |sw. | 16 |st. cu. 
8 p.m. | 29.79/74] O |w. | 12 8 p.m. | 29.66|68].01 |sw. | 24 
9 p.m. | 29.80/74} O jw. | 15 9 p.m. | 29.68]/68}.01 |sw. | 23 
10 p.m. | 29.82/71) 0 |w. | 10 10 p.m. | 29.69/65} 0 |sw. | 26 
11 p.m. | 29.84/70) 0 |w. | 12 11 p.m. | 29.69/65}.01 |sw. | 21 
12 mid. | 29.85/68) 0 fw. | 14 12 mid. | 29.69/66} 0 |sw. | 21 
21st 21st 
1 a.m. | 29.87/67) O |w. | 11 1 a.m. | 29.71/67/ 0 |sw. | 18 
2 a.m. | 29.88/66] O jw. | 10 2 a.m. | 29.72/66] 0 |sw. | 18 
3 a.m. | 29.89/66] O fw. | 12 3 a.m. | 29.73/66] 0 |sw. | 21 
4 a.m. | 29.89/65) 0 |w. | 19 4 a.m. | 29.74/66] 0 |sw. | 21 
5 a.m. | 29.89/64! 0 |w. 6 5 a.m. | 29.77|64|0 |sw. | 22 
6 a.m. | 29.90/64) 0 |nw.| 9 6 a.m. | 29.80/65] 0 |sw. | 20 
7 a.m. | 29.94/64) O jw. | 9 |Cloudlless| 7 a.m. | 29.83/66] 0 |sw. | 22 |st. eu 
8 a.m. | 29.99/65) O jw. | 10 8 a.m. | 29.84/67) 0 |sw. | 24 
9 a.m. | 30.08/67} 0 |nw.| 10 9 a.m. | 29.86/69}0 jw. | 20 
10 a.m. | 30.08/69} 0 |nw.| 9 10 a.m. | 29.88/740 |w. | 21 
11 a.m. | 30.08/72) 0 |nw.| 6 11 a.m. | 29.89/76|0 |w. | 19 
12 noon) 30.07/75) 0 Inw.| 6 12 noon] 29.89/81) 0 jw. | 18/1]; at 
1 p.m. | 30.05/76] 0 |Inw.| 8 1 p.m. | 29.88/83] 0 jw. 16{ Cae 
2 p.m. | 30.04/78) 0. Inw.| 8 2 p.m. | 29.87/84! 0 |sw. | 17 cus 
3 p.m. | 30.03/79] 0 |sw.| 8 3 p.m. | 29.87/83] 0 |sw. | 19 
4 p.m. | 30.03/80} 0 jw. | 7 4 p.m. | 29.88/83] 0 fw. | 21 
5 p.m. | 30.03/80} 0 jw. | 7 5 p.m. | 29.88/82] 0 Iw. | 19 
6 p.m. | 30.03/79] 0 |w. | 7 6 p.m. | 29.89/79]0 jw. | 15 
7 p.m. | 30.03/76) O jw. | 7 |ci. st. |sw.| 7 p.m. | 29.90/76] 0 |w. | 10 |st. eu. 
8 p.m. | 30.03/74) 0 Jw. | 5 8 p.m. | 29.92/73) 0 Jw. | 11 
9 p.m. | 30.04/73] 0 lw. | 2 9 p.m. | 29.92/72} 0 jw. 9 
10 p.m. | 30.05/72) 0 jw. | 2 10 p.m. | 29.92/70} 0 |w. 9 
11 p.m. | 30.05/71} 0 jw. | 2 11 p.m. | 29.93/68] 0 jw. 5 
12 mid. | 30.05/70! 0 lw. | 2 12 mid. | 29.941681.0 Iw. 7 
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REAR. 
Scale on this figure is the same as that shown on figure 18. 
the central Mississippi Valley, of the 


5. Records made during the passage, over i 
915. Intersection of cross lines represents the center of tha 
itions of stations at the time the records 


arrows are wind velocities jn miles per hour; figures on 
d to hundredths of an inch, 


the directions of the uppe’ 
; cyclone falls in the group of 


IX 


TroprcAL CycLoNE WHILE Passinc Over THE GREAT LAZ 
Aveust 20-22, 1915 


The meteorological data recorded during the passage of f! 
cyclone over the Great Lakes are given in Table IX. We ni 
have the cyclone after it had been inland six days and travel 
something like 1800 miles, which makes these data of exceptioi 
value. The winds and precipitation as related to the cyclo 
center and the direction of movement are charted in Figure 
The winds in the right rear quadrant were in the same gene 
direction as that in which the cyclone was traveling. In 1 
right front quadrant the winds came up around the center a 
across the line of advance with very little incurvature, they th 
moved back through the left front quadrant, almost diree 
opposed to the line of advance of the cyclone, into the left re 
quadrant where they shifted and took up a direction across 1 
line of advance. The lower clouds did not differ greatly 
direction from the surface winds. The upper clouds were fr 
the west and southwest mainly across the line of advance, a 
in the prevailing direction of these clouds for the region involvt 

Owing to the uneven topography of this region part of ft 
precipitation was unquestionably orographic and it is not pos 
ble to separate this from the cyclonic rainfall. At Toledo, Oh 
on the line followed by the center of the cyclone, .38 of an im 
occurred in the front and .04 in the rear of the center; at Cle 
land, Ohio, 40 miles to the right of the center, .54 fell before t 
passage and .11 after the center passed. At Lansing, Mich., 1 
miles to the left of the center, where the topography is rollit 
the precipitation was .63 in the front and .50 in the rear of t 
cyclone. 


{ 
CHANGES IN Pressure DurInG THE Lire or THIS CYCLONE 


As the cyclone of August 16 to 22, 1915, moved inland be 
it commenced curving, the isobars outside of the circular iso 
were crowded together in the right half and spread out ca 
a bulge in the left half of the cyclonic area. During the per 
when the cyclone was curving, the isobars were crowded toge 
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n the front of the cyclone and spread out causing a bulge in 
he left rear quadrant and the rear of the cyclone. After the 
urve the isobars were crowded together in the left front quad- 
ant and bulged out in the right rear quadrant. This crowding 
f the isobars in certain parts and spreading out causing a bulge 
n other parts unmistakably reflects the action of the air current 
n which the cyclone was traveling and which determined the 
lirection towards which the cyclonic center advanced. 


-RECIPITATION DuRING PASSAGE OF THE CYCLONE FROM THE 
GULF TO THE LAKES 


Notwithstanding the left half of the cyclone of August 17-22, 
915, moved directly over the Great Lakes, there was no increase 
a precipitation in the left half of the cyclonic area as the 
yclone approached and moved over this body of water. On the 
ontrary, while the cyclone was approaching and crossing the 
akes the precipitation decreased in the left half in propor- 
ion to the decrease in the right half of the cyclonic area. 
his cyclone furnishes a good example for the study of the in- - 
uences of topography and the position of the water areas on 
e precipitation in cyclones. 

The distribution of the total precipitation during the passage 
this cyclone as related to the path along which the cyclonic. 
nter advanced is of special interest and is shown on Figure 19. 
Te have on this chart the precipitation as it oecurred along 
e path of the cyclone during a period of six days and over a 
istance of nearly 2000 miles. 

There were no anticyclonic or other conditions to influence 
e rainfall during the passage of this cyclone from the Gulf to 
e Lakes, hence topography is the only outside factor to be 
msidered. The precipitation did not extend to any great dis- 
ince to the left of the line followed by the center of the cyclone 
ile on the right of that line we find precipitation occurring 
th the passage of the cyclone all the way to the Atlantic 
ast, the greatest distance to the right being 1200 miles. The 
ount of rainfall diminished rapidly to the left of the center. 
e greatest rainfall is to the right of the line followed by the 
nter. The rainfall along the right side of the path showed 
ry little decrease in amounts from the time the cyclone moved 
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inland until it reached the mountainous region of westel 
Arkansas, where the rainfall intensity diminished and was on 
about half the amount previously recorded. When the cyclo1 
reached the level lands of the central Mississippi Valley, tt 
rainfall intensity showed a marked increase, the amounts reael 
ing 8 to 10 inches in northeast Arkansas and southeast Missow 
being nearly as heavy as when the cyclone moved in on tl 
Texas Coast. 

The heavy rainfall over northeas.ern Arkansas, southeastet 
Missouri, and south-central Illinois was accompanied by a d 
cided increase in the intensity of the cyclone. This heavy pr 
cipitation was from water vapor supplied by the winds whi 
had moved from the Gulf of Mexico up the Mississippi Valle 
without encountering sufficient elevations to cool the air ar 
cause the precipitation of any material part of the moistu 
before reaching the right front quadrant of the cyclone. 

The front of the cyclone, after it had crossed the centr 
Mississippi Valley and continued northeastward, had the App: 
lachian Plateau and its mountains between the cyclone and tl 
sources of water supply, the Gulf of Mexico and the Atlant 
Ocean, and the rainfall in the cyclone diminished rapidly : 
intensity as appears in Figure 19. Heavy precipitation occurre 
along the Appalachian Plateau as the cyclone advanced nortl 
eastward from the Mississippi Valley; the air which was movir 
from the Gulf of Mexico and the Atlantic Ocean towards th 
cyclonic center was cooled in ascent while passing over tl 
Appalachian Mountains and a large portion of the moistw 
which it carried was precipitated on the windward side of thes 
mountains. When the air finally reached the cyclone it ha 
thus been deprived of a large percentage of its aqueous vapt 
and the precipitation in the cyclonic area diminished as a natur 
consequence. The curtailment of the moisture supply of tl 
cyclonic area was attended by a rapid and marked decrease | 
the intensity of the cyclone. 
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‘ROPICAL CycLONE WHILE PassineG Over THE Great Lakas, Aucust 20 To 22, 1915 


‘ABLE IX 
Grand Haven, Michigan. Lansing, Michigan. 
Latitude 43° 05’ N. Longitude 86° 13’ W.|Latitude 42° 44’ N. Longitude 84° 26’ W. 
To the left of the line followed by the/To the left of the line followed by the 
senter of the cyclone, 200 miles. center of the cyclone, 130 miles. 
90th Meridian Time 90th Meridian Time 
F n 2 aes 
gz E CLOUDS 5 fc CLOUDS 
2 ; 2 ; = 
Bia i aie ie | Bie Ble. 
} oS /al4|e6 |e 3 o (8/4! 8/8 
m }eal6) 2/8 8 | @ |Salelele2 [8 
8 lgeislaiZ lee! /S] 8 |ablslala ize g 
fo iS 4 B bd = 
| Bae) 8/4 [Ee F Bala Ee} Ales F 
: ne Ba) to iS) a ne Bl A iss 3) 
E lealalel2 lee] 2 (Bl & [salelelelzel 2/8 
A |AZIS/G/E Ea 4 (Al A |AVIBIAIE IEA -& 1A 
20th t 20th 
| a.m. | 30.01/57} 0 [n. 6 1 a.m. | 30.02/52| 0 |e. 2 
2 a.m. | 30.01/56] 0 |n. 6 2 a.m. | 30.02/51] 0 |e. 2 
3.a.m. | 30.01/54) 0 [n. 5 3 a.m. | 30.02/49) 0 |0 0 |. 
L a.m. | 29.99/52] 0 |e. 4 4 a.m. | 30.00/49] 0 |s. 1: 
> a.m. | 30.00/52] 0 |e. 4 5 a.m. | 30.00/47] 0 |n. 1 
) a.m. | 30.00/53] 0 |e. 4 6 a.m. | 30.01/49] 0 Ine. 2 
a.m. | 29.98/56] 0. |e. 3 Ja. st. |w. || 7 a.m. | 30.01/56) 0 |ne. 2 |st. nw. 
» a.m. | 29.98/60) 0 |e. 4 8 a.m. | 30.00/60] 0 |ne. 1 
! a.m. | 29.97/64| 0 |e. 7 9 a.m. | 29.99]65) 0 Ine. 3 
J a.m. | 29.95/69] 0 |e. 8 10 a.m. | 29.98/70} 0 |e. 5 
a.m. | 29.93/72} 0 |e. 10 11 a.m. | 29.96/70) 0 |e. 7 
noon! 29.92|73) 0 |e. 11 Ja. st. jw. |12 noon} 29.94/72] 0 |e. 8 
p-m. | 29.90/73) 0 |e. 12 1 p.m. | 29.91/72/ 0 |e. 8 
p-m. | 29.88|74/ 0 |e. 11 2 p.m. | 29.88/73] 0 |e. 7 
p.m. | 29.86/73] 0 |e. 11 3 p.m. | 29.86/71/0 |ne. | 6 
p.m. | 29.84/72] 0 |e. bl 4 p.m. | 29.85/69] 0 Je. 5 
p.m. | 29.83/70] 0 |ne. 9 5 p.m. | 29.83/68] 0 Ine. 4 
p.m. | 29.82/68]0 |ne.| 7 6 p.m. | 29.81/66}0 |ne. | 4 
p.m. | 29.81/66] 0 |ne. | 6 Ja.st. |w. | 7 p.m. | 29.80/65|0 jne. 4 |st. ne. 
p.m. | 29.81/65|}0 |ne. | 8 8 p.m. | 29.80/65|0 |ne. | 5 
p.m. | 29.80/65) 0 |ne. | 11 9 p.m. | 29.78/65) 0 Ine. 6 
p.m. | 29.79/65) 0 |ne. | 10 10 p.m. | 29.75/64)0 |ne. | 6 
p.m. | 29.78/64) 0 |ne. | 10 11 p.m. | 29.73/63] 0 Ine. 6 
mid. | 29.76/64|0 |ne. | 11 12 mid. | 29.73/62;0 |ne. | 7 
Ist 21st 
. 0 Ine. | 15 1 a.m. | 29.72/60].04 Ine. | 5 
0 |ne. | 15 2 a.m. | 29.69/60).06 |ne. 6 
T. Ine. | 13 3 a.m. | 29.66/61!.08 |ne. 6 
.03 Ine. | 15 4 a.m. | 29.66/61).13 |ne. 6 
.01 jne. | 15 5 a.m. | 29.65/62|.05 Ine. | 7 
.O1 jne. | 18 6 a.m. | 29.62/62).01 Ine. 9 
T. Ine. | 16 |st. ne, | 7 a.m. | 29.61/63).02 |ne. 9 |nb. ne. 
T. |ne. | 18 8 a.m. | 29.60/64|.23 jne. | 8 
T. jne. | 18 |Center 9 a.m. | 29.58}64|.01 |ne. | 9 |Center, 
T.|n. | 20 |Passed 10 a.m. | 29.58/65].03 jne. | 8 |Passed 
.O1 |n. 17 11 a.m. | 29.59/65}.08 |ne. 6 
T. Ine. st. cu. . 12 noon| 29. 6 
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Tropica, Cyctone WuILe Passine Over THE Great Lakes, Aucust 20 To 22, 19 
TABLE IX 


Grand Haven, Michigan. Lansing, Michigan. 
Latitude 43° 05’ N. Longitude 86° 13’ W./Latitude 42° 44’ N. Longitude 84° 26” 


To the left of the line followed by the]/To the left of the line followed by 1 
center of the cyclone, 200 miles. center of the cyclone, 130 miles. 
90th Meridian Time 90th Meridian Time 
g 8 CLOUDS z 5 CLOUI 
ea ae a ah ee s l- 
e |e ie/ 2) 3 |p e@ |e lm| 8) & |. 
iS) S |a|/4|8 8 } pte 4a) 8 |e 
q AaB Bie |6 x 4a\6 Blaele 
a |gelela|e les a) @ |gelgla| alee 
Zz ioe) iS = a H 
4 |Bgls|S/A les e] 2 (BRIA) E/AlES 
: gle 5 a g a | lB 8] a |e 
E }ealels\2l2e| 2 2) — |ealglele leg) & 
A |€2/Aléle leel 4 lal A |de lla \e lea) 
21st 21st 
1 p.m. | 29.69/73} 0 jne. | 18 1 p.m. | 29.61/65).01 |ne 7 
2 p.m. | 29.69/74|0 |n. | 14 2 p.m. | 29.61|65).07 |ne. | 7 
3 p.m. | 29.69/75)0 [n. | 11 3 p.m. | 29.62/64).03 |ne 7 
4 p.m. | 29.70/74)0 |ne. | 9 4 p.m. | 29.63/64].05 |ne 7 
5 p.m. | 29.72)73| 0 |n. 8 5 p.m. | 29.63/64).04 |ne. 7 
6 p.m. | 29.73/72) 0 |n. Sila. st. bw. | &P-™ 29.63/63}.10 jne i 
7 p.m. |29.73/71| 0. |n. 8{ a. st. J | 7 p.m, | 20.63/63].03 [ne. | 8 jst. 
8 p.m. | 29.75/69/0 In. | 104° |" | 8 p.m. | 29.65/63] T. jn 9 
9 p.m. | 29.77/68) 0 jn. 9 9 p.m. | 29.65/63}.01 jn it 
10 p.m. | 29.79/66) 0 jn. 8 10 p.m. | 29.65}62}.01 |n 6 
11 p.m. | 29.79/65} 0 |n. 8 11 p.m. | 29.66/63) 0 |n. 8 
12 mid. | 29.79/64) 0 jn. 9 12 mid. | 29.67/63} 0 |n 6 
22d 22d 
1 a.m. | 29.79/64) 0 |n 10 1 a.m. | 29.67/63) 0 jn. 6 
2 a.m. | 29.79/63] 0 |nw.| 11 2 a.m. | 29.70/63} 0 |nw.| 9 
3 a.m. | 29.79/63] 0 |nw.| 10 3 a.m. | 29.70/61/0 |nw.| 7 
4 a.m. | 29.80/63} 0 |nw.| 10 4 a.m. | 29.72/61|0 |Inw.| 5 
5 a.m. | 29.82/61,0 |nw.| 9 5 a.m. | 29.72/61/0 Inw.| 5 
6 a.m. | 29.83/62|0 |jnw.| 10 6 a.m. | 29.74|62|}0 |nw.| 5 
7 a.m. | 29.83/65|0 |Inw.| 9 |Cloudlless |) 7 a.m. | 29.77|62|/0 |nw.| 6 |st. 1 
8 a.m. | 29.83/67; 0 |nw.| 10 8 a.m. | 29.78/64|0 |nw.| 5 
9 a.m. | 29.83/68) 0 |nw.|} 13 9 a.m. | 29.79/68}0 |nw.| 6 
10 a.m. | 29.84/69) 0 jnw.| 13 10 a.m. | 29.80/73) 0 [nw.| 8 
11 a.m. | 29.84/70) 0 [nw.| 12 11 a.m. | 29.80/74) 0 |nw.| 8 
12 noon) 29.84/71;0 |w. | 12 12 noon} 29.81/76] 0 |nw.| 7 
1 p.m. | 29.85}/71|}0 jw. | 14 1 p.m. | 29.81/76} 0 |nw.| 7 
2 p.m. | 29.8472] 0 tw. | 13 2 p.m. | 29.80177|0 |nw.| 7 
3 p.m. | 29.83/73] 0 jw. | 10 3 p.m. | 29.80/78] 0 |nw.| 7 
4 p.m. | 29.83|71| 0 fw. 8 4 p.m. | 29.79]78]0 |nw.| 7 
5 p.m. | 29.82/71|0 |sw.} 5 5 p.m. | 29.79|76| 0 fw. 5 
6 p.m. | 29.82|69]0 |sw.| 6 6 p.m. | 29.79|73|0 lw. | 41]. 
7 v.m. | 29.82/66]0 |sw.| 4 Ja. cu. |sw.| 7 p.m. | 29.81/67) 0 jw. 3 lel. } 
8 p.m. | 29.82/65] 0 js. 5 8 p.m. | 29.81/63] 0 fw. 2 
9 p.m. | 29.82/64| 0 js. 4 9 p.m. | 29.82/65] 0 |sw. 4 
10 p.m. | 29.82/62] 0 |se. 5 10 p.m. | 29.82/58] 0 |sw. | 3 
11 p.m. | 29.82)61) 0 |se. 5 11 p.m. | 29.83/56] 0 |sw. 3 
12 mid. | 29.82/60! 0 Ise. 5 12 mid. | 29.83'5510 Isw. | 3 
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ST | 8) LL |Z2/88°6¢ | “urd 2 PL | ‘8 L|sgies6e| urd 2 | ej = -quy GT 2| Z0'|29/62°6¢ | urd 2, 
9T | ‘S| XL |€2/68°6¢ | “urd 9 LI | ‘S| 0|s¢\P8°6z | “urd 9 9T | ‘9) 1 /89/62°6z | wd g 
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figure 18. Records made during the passage, over the Great Lakes, of the tropical 

lone, August 19-21, 1915. Intersection of the cross lines represents the center 

the cyclone. Points of small regular arrows rest on positions of stations at the 

1e the records were made; figures on the left of the arrows are wind velocities 
iles per hour; figures on the right of the arrows are the hourly precipitation 

asured to hundredths of an inch. Brackets show the greatest hourly precipitation 

ensity. 

deavy arrows represent the directions of the lower clouds. 

Broken arrows represent the directions of the upper clouds, the cirrus types. 

[his cyclone falls in the group of the larger traveling cyclones, 
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TROPICAL CYCLONE ON THE Hast GuuF Coast SEPTEMBER 2-4 
1915 


The hourly winds and precipitation at stations in the tropiea 
cyclone of September 2-4, 1915, (28), are charted in Figure 2( 
This cyclone moved northwestward from the Caribbean Se 
across the western end of Cuba, curved slightly as it crosse 
the eastern Gulf of Mexico, and then moved northward to th 
Great Lakes, as shown on path “J,” Figure 2. The cycloni 

- circulation in this storm was about 350 miles in diameter. Ther 
were no stations with automatic records near the center 0 
this cyclone while moving through the Gulf region. . The record 
from Tampa, Fla., are shown at some distance from the cente 
in the right half, and those from Pensacola, Fla., and Mobile 
Ala., at some distance from the line of advance of the center i 
the left half of the cyclonic area. 

The directions of the lower clouds differ to some extent fror 
the surface winds, being inclined to the right where they diffe 
The cirrus clouds, both in the front and the rear, moved forwar 
in the same general direction as that in which the cyclon 
traveled. 
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OPICAL CYCLONES IN THE GULF AND SoutH ATLANTIC REcIons 
—Cline. 
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gure 20. Records made during the passage of the tropical cyclone, Septemebr 
1915. Intersection of cross lines represents the center of the cyclone. Points 

mall regular arrows rest on positions of stations at the time the records were 
e; figures on the left of the arrows are wind velocities in miles per hour; the 
es on the right of the arrows are the hourly precipitation measured to hundredths 
1inch. Brackets show greatest hourly precipitation intensity. 

2avy arrows represent the directions of the lower clouds. 

‘oken arrows represent the directions of the upper clouds, the cirrus types. 

uis cyclone falls in the group of the smaller traveling cyclones. 
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TROPICAL CYCLONE ON THE LOUISIANA Coast SEPTEMBER 28-8 
1915 


The cyclone of September 28-30, 1915, (18) moved from th 
Caribbean Sea through the Yucatan Channel in a northwesterl, 
direction, curving slowly over the northern portion of the Gul 
of Mexico and southeastern Louisiana and traveling thene 
northeastward with its right half over the Appalachian Plateat 
as shown in path “D,” Figure 2. There were no high pressur 
areas to influence the winds and precipitation in the cyclone a 
it moved inland, but after it reached the elevated regions o 
the Appalachian Plateau, that elevation influenced both th 
winds and precipitation. We are able to make a very thorougl 
study of the pressure, winds, and precipitation in the cycloni 
area before it came under the influence of the elevated regions 
Supplemental barometer readings at substations are given i 
Table X. The shapes of the isobars and the gradients in 
different parts of the cyclonic area based on the most complet 
barometer readings known to have been recorded near the centé 
of a tropical cyclone are shown for every four hours from 4 a. m, 
September 29, 1915, to 8 a. m., September 30, 1915, on Fig 
22 to 29, inclusive. September 29, 1915, at 4 p. m., we have 
cyclonic center approaching Lockport, La., where a barometé 
reading of 28.07 inches was recorded at 5 p.m. Based on this 
we have sufficient pressure readings at 4 p. m. to establish th 
fact that the isobars were nearly circular from 28.1 to 29.4 inches 
as shown on Figure 25. Beyond the 29.4 isobar, there is } 
crowding of the isobars on the right side and a spreading ol 
with a bulge on the left side. 

At 8 p. m., September 29th, Figure 26, we find the stor 
center a short distance west of north from New Orleans, 1 
miles inland from the coast, having moved about 40 miles 1 
four hours. The isobars are circular from 28.2 to 29.4, whi 
outside of the 29.4 isobar they are crowded on the right ai 
spread out showing a bulge on the left side. There had bet 
no change in the intensity of the cyclone during its progress it 
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2 hours previous to this time as shown by a comparison of the 
receding charts. The diameter of the 29.2 isobar was 124 
les. The distance between the 28.1 and the 29.2 isobars was 
3 miles, giving a gradient in that distance of 1.1 inches, an 
verage of .02 of an inch per mile. The steepest barometric 
‘adients are not in the immediate vicinity of the cyclonic 
mter but are 15 to 40 miles away from the center. The, 
‘adient between Tulane University, 11 miles from the cyclonic 
nter, and the Weather Bureau Office, New Orleans, La., was 
1 of an inch in three miles. From New Orleans outward from 
1e center for a distance of 53 miles the gradient averaged .02 
"an inch per mile, six times as steep as the gradient between 
| and 14 miles from the center. The barometer at Tulane 
niversity remained stationary from 5.30 p. m. to 6.00 p. m. at 
3.10 inches. Three other observers in the immediate vicinity 
’ Tulane University reported almost a dead calm during this 
riod. 

The isobars and gradients at 12 midnight, September 29-30, 
15, are shown on Figure 27. There are no pressure readings 
ar the center of the cyclone, but the isobars remained nearly 
rcular up to 29.4 inches. The cyclone showed a decided de- 
ase in intensity during the preceding four hours, filling up at 
‘e center so that the 29.1 isobar decreased from 120 miles to 
) miles in diameter. Outside of the 29.4 isobar the gradients 
sre more crowded in the front half than elsewhere and there 
'S a spreading out in the left rear quadrant, causing a bulge 
that quarter. The isobars at 4 a. m. and 8 a. m., respectively, 
yptember 30th are shown in Figures 28 and 29. Very little 
ange tock place during the period covered by these maps 
cept that the isobars assumed a more circular form up to 29.7 
hes. The crowding of the isobars in one portion and spread- 
out in another outside of 29.4 inches in this cyclone were 
the same portions of the cyclonic area as those previously 
‘ted in the cyclone of August 15-22, 1915. 

The hourly wind direction, velocity, and precipitation during 
passage of the cyclone of September 29-30, 1915, are shown 
_ Figure 21, for New Orleans and Burrwood, La., Mobile, Ala., 
d Pensacola, Fla., in the right half, and for Galveston, Texas, 
the left half of the cyclonic area. Detailed meteorological 
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data are given in Table XI. There are no automatic precipi 
tation records for Burrwood, La., and the wind velocity recor¢ 
was lost after 9 p. m., September 29th. The wind directions i 
the right rear quadrant of the cyclonic area were mainly in th 
same direction as that in which the cyclone was traveling. bh 
the right front quadrant the winds did not show any decide 
inclination towards the center, the angles varying at differen 
distances from the line followed by the center. 

The directions of the lower clouds in the right front quadran 
at Pensacola and Mobile were inclined away from the cente 
more than the surface winds; at New Orleans the direction 
were about the same as the surface winds. In the right rea 
quadrant the lower clouds have the same general direction a 
the surface winds. 

Cirrus clouds were recorded six times at New Orleans, La. 
in front of the cyclone, the first time when that station was 40! 
and the last when it was 300 miles in front of the center. Th 
shifting directions, which were carefully checked, show con 
siderable confusion at the cirrus level at that time. Four of th 
six observations showed the cirrus moving in the same genera 
direction as that in which the cyclone was traveling. At Pensa 
cola, Fla., 200 miles to the right of the line along which th 
center was advancing, cirrus clouds were recorded four times 
first 350 miles in front and last when that station was 250 mile 
in front of the line dividing the cyclone into front and rea 
halves. These cirrus had a direction across the line of advane 
but were inclined in the direction in which the cyclone wa 
traveling. At Galveston, Texas, 250 miles to the left of th 
line followed by the center of the cyclone, there were eigh 
records of cirrus clouds all moving in the same direction as tha 
in which the cyclone was traveling, the first observation bein 
400 miles in front and the last 100 miles in the rear of the lin 
dividing the cyclone into front and rear halves. There was on 
observation of cirrus at Pensacola, Fla., in the right rear quac! 
rant of the cyclone with the same general direction as that ii 
which the cyclone was traveling. 

Precipitation commenced at New Orleans, September 2! 
when the cyclonic center was 160 miles distant in space an 
fifteen hours in time. The total precipitation at New Orlear 
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during the advance and passage of the front half of the cyclone 
was 8.20 inches, but there was only .02 of an inch in the rear 
half. The precipitation ceased with the passage of the cyclonic 
center. The greatest hourly precipitation intensity commenced 
at New Orleans nine hours before and ended four hours before 
the passage of the cyclonic center, during which time there was 
449 inches, 55% of the total precipitation that occurred at 
New Orleans during the passage of the cyclone. The greatest 
precipitation in any hour was 1.59 inches at New Orleans, 84 
miles in front and seven hours before the passage of the cyclonic 
center, and about 60 miles to the right of the line along which 
the center was advancing at that time. There was a secondary 
period of heavy precipitation two hours before the passage of 
the storm center. At Mobile, Ala., the greatest hourly precipi- 
tation intensity was from twelve to eight hours before the 
passage of the storm center and at Pensacola, Fla., the greatest 
precipitation intensity was 14 hours before the passage of the 
storm center. Very little precipitation occurred at Mobile, Ala., 
and Pensacola, Fla., after their passage into the rear half of 
the cyclonic area. About 55 miles to the northward from New 
Orleans, at Franklinton, La.,-there was 14.43 inches of precipi- 
tation, also to the right of the line along which the center was 
advancing, and while in the front half of the cyclone. 
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BaRoMETER (ANEROID CORRECTED) READINGS AT SUBSTATIONS ON THE Mupp11 
Gutr Coast DurING THE Passacr or THE TROPICAL CYCLONE, SEPTEMBER 29-20 


1915. 
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TABLE X 


BAROMETER (ANEROID CORRECTED) READINGS AT SUBSTATIONS ON THE MIDDLE 
Guir Coast Durine THE PassaGE or THE TROPICAL CyCLONE, SEPTEMBER 29-30, 
1915. THe Distance or THE STATIONS TO THE RiguT or Lert or THE Line Fo.- 
LOWED BY THE CENTER OF THE CYCLONE Is GIVEN. 


90th Meridian Time 


I FI E 4 E E 
A 3 ee 23 
Sa ° zm ss gq = 
B oi & d a A oy S| a = a a 
; Be ONpes lee odiueee (by ee 
a4 ee Boa BOs cae 
g ES KE ape BES or 
A S19 of Baa <8 19 <n 
QA aid HO HA wae faa?) 
SEPT 
29th 
SALVO Val Biopeecdcotac OO mmm artes ce, & cya 28-23), 1 lllereusters ike perers 
Bagot, io. < |. Shs: lee eee SORT. Att ala delen A) Os eam ees 
5:30 p.m 29.10 28.03 20. LOM Ole sce eure crete oe hate chee iat els « 
GOO Moms eta etuerstes + 28.06 28.10 28.04 28.94 
OAT Mee th lon srk & cates cacao abeertoneW Mnvsstvacertha eles ZS OUD \ tl teceeysenshers 
FEEOURTTIIA A | leo phe cavetorat esse lllacnras toe sakes ll esisveenane. cote Mahe Qocbir | Sc yaeeeeelents 
8:00 p.m DO sh) Metre edie ate ah Ses ores 28.44 28.90 
9:00 p.m 29.24 P48 a ors aA tenon an aLeE eeion > Dodoo 
10:00 p.m ZO SL Ci Srarenerercekete a liete.srciels we aistets 28.8) | ll: oaatae siete 
OORT Nees ac cuore Oe Sete eens teeta. all ave Guavefvaaratere 29 02> | 30. Aten 
30th 
OSes TVAc nN akc rereirananeie axe ll Rane eee ease. ot otepaiorel slic Well laexuypayeve tee Love 29.11 
3:00 a.m. ZOD Ses nara gWa che eres | ae nctetarers ove ioe tayotane a aeats || arate auaremeeete 
SOORa Me | \lctAcecsslstciac ABH ig WySiassomvecatden ya call etetta rer st enaiol «iliane electro 
AE BOsar tie ~'Wten.cp etterenste ve PAS ayo» Wl ieee icra ORM |r ne ie caceeiee pact ones rae arte 
GsO0;srrmay  lncina menace oc OUD OME Nisa, Sates Re lectataoke aiece atahe aerate natetets 
7:00 a.m. 29102 © FillamaeaaRenwale rail teva ciataras otk ive ota is otha ie meee 
S5O0ra tos ms, | re ee OA) || Sas cPetees, oa.cretaliieste staves oaks 29.44 
TO 23O eiiivewe! |e i.e cee ee DOS Teen raaiare a ctaenillove ste, Sc ere A eceepartere tak 


116 


TROPICAL CYCLONES 


TROPICAL CYCLONE ON THE MippiEe Gur Coast, SEPTEMBER 28 To 30, 1915 


TABLE XI 


Galveston, Texas. 


90th Meridian Time 


New Orleans, Louisiana. 


Latitude 29° 18’ N. Longitude 94° 50’|Latitude 29° 58’ N. Longitude 90° 04’ W. 
W. To the left of the line followed by the/To the right of the line followed by the 


center of the cyclone, 250 miles. 


center of the cyclone, 14 miles. 
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TroprcaL CycLoNE oN THE Mippiz Gutr Coast, SEPTEMBER 28 To 30, 1915 


TABLE XI 90th Meridian Time 
Galveston, Texas. New Orleans, Louisiana. 
Latitude 29° 18’ N. Longitude 94°50'|Latitude 29° 58’ N. Longitude 90° 04’ W. 
W. To the left of the line followed by the|To the right of the line followed by the 
senter of the cyclone, 250 miles. center of the cyclone, 14 miles. 
DQ mn 
=I n a n 
S 8 |CLOUDS . a CLOUDS 
i eel La 
e | lel gle ela (xl oy ate 
6 |S lalz/ ele 6 |8 jal z| Ele 
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eels e/a6 g ge lela) 8 |ee 8 
2 Ba lee) A l= 9 5 z Bale e| A le 9 B 
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8 p.m. | 29.68/84) 0 jn. | 164)" 6 p.m. | 28.14/74) .60/se. | 62 
9 p.m. | 29.69/83] 0 |n. | 17 7 p.m. | 28.31/76] T. |se...| 41 |st. s. 
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Figure 21. Records made during the passage of the tropical cyclone, September 
7-30, 1915. Intersection of cross lines represents the center of the cyclone. Points 
f small regular arrows rest on positions of stations at the time the records were 
nade; figures on the left of the arrows are wind velocities in miles per hour; figures 
nm the right of the arrows are the hourly precipitation measured to hundredths of 
ninch. Brackets show greatest hourly precipitation intensity. 

Heavy arrows represent the directions of the lower clouds. 

Broken arrows represent the directions of the upper clouds, the cirrus types, 

This cyclone falls in the group of the larger traveling cyclones, 
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TROPICAL CYCLONES IN THE GULF AND SouTH ATLANTIC REGIONS 
—Cline. 
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Figure 22. Pressure distribution, 4:00 a.m., September 29, 1915, 75th Meridian 
Time. Isobars are drawn for each .10 of an inch. Broken line is path followed by 
the cyclonic center. 

; 5; ame line with arrow indicates the direction of movement of the cyclonic cente! 
at 4:00 a.m. 
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TROPICAL CYCLONES IN THE GULF AND SoutH ATLANTIC REGIONS 
—Cline. 
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Figure 23. Pressure distribution, 8:00 a.m., September 29, 1915, 75th Meridian 
Time. Isobars are drawn for each .10 of aninch. Broken line is path followed by 
the cyclonic center. 

, pond line with arrow indicates direction of movement of the cyclonic center at 
:00 a.m. 
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TROPICAL CYCLONES IN THE GULF AND SouTH ATLANTIC REGIONS 
—Cline. 
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Figure 24. Pressure distribution, 12 noon, September 29, 1915, 75th Meridian 
Time. Isobars are drawn for each .10 of an inch. Broken line is path followed by 
the cyclonic center. 

Solid line with arrow indicates direction of movement of the cyclonic center at 
12 noon. 
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[TROPICAL CYCLONES IN THE GULF AND SouTH ATLANTIC REGIONS 
G. —Cline. 
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Figure 25. Pressure distribution, 4:00 p.m., September 29, 1915, 75th Meridian 
Time. Isobars are drawn for each .10 of aninch. Broken line is path followed by 
he cyclonic center. Solid line with arrow indicates the direction of movement of 
he cyclonic center at 4:00 p.m. 
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TROPICAL CYCLONES IN THE GULF AND SouTH ATLANTIC REGIONS 
—Cline. 
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Figure 26. Pressure distribution, 8:00 p.m., September 29, 1915, 75th Meridian 
Time. Isobars are drawn for each .10 of an inch. Broken line is path folloewd by 
the cyclonic center. Solid line with arrow indicates the direction of movement 
of the cyclonic center at 8:00 p.m. 
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TROPICAL CYCLONES IN THE GULF AND SouTH ATLANTIC REGIONS 
—Clhine. 
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Figure 27. Pressure distribution, 12 midnight, September 29-30, 1915, 75th 
Meridian Time. Isobars are drawn for each .10 of an inch. Broken line is path 
allowed by the cyclonic center. Solid line with arrow indicates the direction of 
1ovement of the cyclonic center at 12 midnight. 
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TROPICAL CYCLONES IN THE GULF AND SouTH ATLANTIC REGIONS 
—Chne® 
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Figure 28. Pressure distribution, 4:00 a.m., September 30, 1915, 75th Meridia 
Time. Isobars are drawn for each .10 of an inch. Broken line is path followe 
by the cyclonic center. Solid line with arrow indicates the direction of movemer 
of the cyclonic center at 4:00 a.m. 


DATA IN CYCLONES 129 


ROPICAL CYCLONES IN THE GULF AND SouTH ATLANTIC REGIONS 
—Cline. 
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Figure 29. Pressure distribution, 8:00 a.m., September 30, 1915, 75th Meridian 
ime. Isobars are drawn for each .10 of an inch. Broken line is path followed 


y the cyclonic center. Solid line with arrow indicates the direction of movement 
: the cyclonic center at 8:00 a.m. 
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TropicaL CycLONE ON THE Mippie Guur Coast Juty 4-6, 191f 


The tropical cyclone of July 4-6, 1916, (19), moved rom 
the Yucatan Channel and thence across the Gulf of Mexico t 
the Mississippi Coast as shown in path “L,” Figure 2. Thi 
cyclone ceased to advance soon after moving inland and re 
mained nearly stationary over Mississippi and Alabama fron 
July 6th to 10th, gradually filling up and dying out. Detailer 
meteorological data recorded Aarne the passage of this eyclon 
are shown in Table XII. ‘The hourly wind directions and velo¢i 
ties and precipitation during the passage of this cyclone fo 
New Orleans, La., in the left half, and Mobile, Ala., and Pensa 
cola, Fla., in the right half of the cyclonic area are howl 
Figure 30. The winds in the right rear quadrant were on 
ously in the same general direction as that in which the cyclomit 
center was advancing. In the other quadrants the wind diree 
tions were around the center without any well defined char 
acteristics. 

There was considerable confusion in the region of the lowe 
clouds in this cyclone but the directions fall in mainly with 
surface winds. The cirrus clouds both in the front and rea 
moved from left to right somewhat across the line of advanet 


of the cirrus in this latitude. Well in front of the cyclone on 
observation of cirrus at Mobile, Ala., had a direction sligh tls 
inclined against the direction in ‘which the cyclone was traveling 

The distribution of the hourly precipitation was not confines 
. to any particular part of the cyclonic area and was similar t 
that in the tropical cyclone of August 26-28, 1911, which ceasee 
to advance and died out or filled up soon after moving inland 
Precipitation did not extend far in advance of this cyclone 
Rain commenced at both Pensacola, Fla., and Mobile, Ala. 
only about ten hours in time and 100 miles in space in advane 
of the cyclonic center. 

The greatest hourly precipitation intensity at Pensacola 
curred with the passage of the cyclonic center. The greate 
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ourly precipitation intensity at Mobile, Ala., occurred six to 
ight hours after the occurrence of the lowest barometer, and 
nere was another period of increased precipitation intensity 
ighteen hours after the passage of the cyclonic center. The 
ital precipitation at Mobile before the passage of the cyclonic 
enter was 2.18 inches, and during the 20 hours after the passage 
f the center, 6.58 inches. Light rain with high winds occurred 
t Pensacola, Fla., 20 hours after the occurrence of the lowest 
arometer. At New Orleans, 50 miles to the left of the line of 
dvance of the center, light precipitation occurred in the left 
sar quadrant at intervals for 24 hours after the passage of the 
orm center. 

The stations having heavy rain are given in Table XII-a 
sading from the Gulf Coast northward towards the interior of 
labama. Heavy rains continued through three days in south- 
estern Alabama. These records show that the heavy. rains 
hich appeared at Mobile on the 6th, extended to central Ala- 
ama on the 6th and 7th, and then moved back towards the 
ast, Into southern Alabama on the 8th. The greatest precipi- 
ition at any station in 24 hours occurred near the coast on the 
th, namely 9.87 inches at Healing Springs, and 9.00 inches 
t Ozark. 

The air current in which the cyclone was traveling evidently 
1countered an air current moving in an opposing direction; the 
yunter current checked the forward movement of the air 
ream from which rain was falling and forced it back into the 
sar of the cyclone and caused the precipitation to occur in 
ll parts of the cyclonic area; the heaviest rainfall, which ap- 
eared first in front of the cyclone as it moved inland on the 5th 
nd 6th, shifted to the rear on the 7th and 8th. The center 
f low pressure moved northward during the 6th into central 
lississippi, then it drifted over to the heavy precipitation in 
ntral Alabama on the 7th. The cyclonic area remained nearly 
ationary over Alabama while the region of greatest intensity 
f precipitation was drifting southward, and as the precipita- 
on shifted to the rear of the cyclonic center, the cyclone gradu- 
lly filled up and died out. 
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Tropica, CycLONE ON THE Mippite Guir Coast. Juty 4 To 6, 1916 


TABLE XII 90th Meridian Time 4 


New Orleans, Louisiana 


Latitude 29° 58’ N. Longitude 90° 04’ W. 


To the left of the line followed by the’ 


center of the cyclone, 60 miles. 


Burrwood, Louisiana 
Latitude 28° 58’ N. Longitude 89° 23’ W. 
To the left of the line followed by the 
center of the cyclone, 25 miles. 
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ope: BAG BAN se. y 
p-m. | 29.74|81 (2h : 7 
7 pam. |29.731810 fe. | 7{{C™ [Ee 
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5th 
1 a.m. | 29.68/79) 0 jne. | 11 
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4 a.m. | 29.62/79}0 |ne. | 15 
5 a.m. | 29.59/79|0 Ine. | 17 
6 a.m. | 29.58/79, 0 jne. | 15/|, 4 |e 
7 a.m. |29.58)80|0 |ne. | 17/[8; > [o 
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7 p.m. | 29.43|77|.07 Inw. | 25 |nb nw. 
8 p.m. | 29.46/80) T. |nw. | 22 
9 p.m. | 29.49/78}.02 |jnw. | 19 
10 p.m. | 29.52/77|.02 Inw. | 19 
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7 a.m. 27 
8 a.m. 30 
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2 p.m. 56 
3 p.m. 46 
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Tropicat CycLoNnEr oN THE MippLE Guur Coast, JuLy 4 To 6, 1916 
\BLE XII 90th Meridian Time 


New Orleans, Louisiana. Burrwood, Louisiana. 


titude 29° 58’ N. Longitude 90° 04’ W.| Latitude 28° 58’ N. Longitude 89° 23’ W. 
the left of the line followed by the} To the left of the line followed by the 


iter of the cyclone, 60 miles. center of the cyclone, 25 miles. 
nD 
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ie) n n 
z 3 CLOUDS 3 
2 j a 2 = 
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a.m. | 29.77|80| T. |sw. | 14 7 a.m. | 29.81|s. 21 
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Troprcat Cyclone ON THE Mippte Gutr Coast, Juty 4 To 6, 1916 
TABLE XII 90th Meridian Time 


Mobile, Alabama. | Pensacola, Florida. 


Latitude 30° 41’ N. Longitude 88° 02’ W./Latitude 30° 25’ N. Longitude 87° 13’ 
To the right of the line followed by the/To the right of the line followed by 


center of the cyclone, 60 miles. center of the cyclone, 90 miles. 
eae Be thes 
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TropicaL CycLone on THE MippiE Guu Coast, Juuy 4 To 6, 1916 


ABLE XII 90th Meridian Time 
Mobile, Alabama. | Pensacola, Florida. 
satitude 30° 41’ N. Longitude 88° 02’ W.|Latitude 30° 25’ N. Longitude 87° 13’ W. 
‘o the right of the line followed by thel/To the right of the line followed by the 
enter of the cyclone, 60 miles. center of the cyclone, 90 miles. 
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}a.m. | 29.82)77].54 |s 35 10 a.m. | 29.87|80| T. |s. 48 
a.m. | 29.82/77].12 |s 32 11 a.m, | 29.89/80} 0 |s. 46 
noon] 29.82|79].01 |s 30 12 noon} 29.90)81) 0. |s. 43 
p-m. | 29.82/79] T. |s 31 1 p.m. | 29.90/79} T. |s. 41 
p-m. | 29.83/80].01 |s 29 2 p.m. | 29.89/81).01 |s. 37 
p.m. | 29.84/81] 0 |s. 29 3 p.m. | 29.89/81) 0 |s. 36 
p-m. | 29.84/79] 0 |s 29 4 p.m. | 29.89/81| 0 |s. 34 
p.m. | 29.84/79] 0 |s. | 28 5 p.m. | 29.89/80] 0 Is. 32 
p.m. | 29.85/79} 0 |s. | 25 6 p.m. | 29.90/80] 0 Js. 30 
p.m. | 29.85/79] 0 |s 22 |st. 8. 7 p.m. | 29.92/80] 0 |s. 28 |st. cu. |s. 
p-m. | 29.86/78} 0 |s 23 
p.m. | 29.82/78] 0 |s. | 23 
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TABLE XII-a 


4 
Heavy PrEciPITATION IN ALABAMA, JULY 5 To 9, 1916, In A Dyine Cyctonm, 
Srations From THE Coast InLanp Rnapinc DowNWARD. 


90th Meridian Time 


July July July July July 
cares 5th 6th 2 7th 8th 9th 
/a.m.|p.m.|a.m.|p.m.|a.m.|/p.m.|a.m.|p.m.|a.m.|p.m. 

Mobile**  \5sal faze laool =| | lm 
Bermuda f | lgoo| = fa.so} | 2.65 
Healing Spring - esol §= f9.s7) 11.45 
Ozark 9.00] |1.20 
Thomasville 4.70 5.20 3.36 
Uniontown 5.95 a, 6.80 
Goodwater 8.05 ar 3.17 
Calera 7.00; [3.17 
Tuscaloosa 8.37 1.90 , 
Birmingham** 4.58 hy 7.02 
Cordova 3.38 6.25 


**Midnight to midnight, other stations either at 7 a.m. or (p.m.) about sunset. 
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TROPICAL CYCLONES IN THE GuLF AND SoutH ATLANTIC REGIONS 
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Figure 30. Records made during the passage of the tropical cyclone, July 5-7, 
1916. Intersection of cross lines represents the center of the cyclone. Points of 
small regular arrows rest on positions of stations at the time the records were made; 
figures on the left of the arrows are wind velocities in miles per hour; figures on the 
right of the arrows are the hourly precipitation measured to hundredths of an inch. 
Brackets show the greatest hourly precipitation intensity. 

Heavy arrows represent the directions of the lower clouds. 

Broken arrows represent the directions of the upper clouds, the cirrus types. 

This cyclone falls in the group of the, smaller cyclones which ceased to advance 
on moving inland, 


Pg a 


TROPICAL CYCLONE ON THE SouTH ATLANTIC Coast Juty 12-15, 
1916 


Meteorological data recorded during the passage of the 
cyclone of July 12-15, 1916 (29), are shown in Table XIII. 
This disturbance moved in from the Atlantic Ocean and passed 
inland on the coast about 25 miles north of Charleston, 8. C., 
as shown by path “M” in Figure 2. This cyclone ceased to 
advance soon after moving inland and died out over the interior 
of the Carolinas. At 8 a. m., July 15th, it appeared as a weak 
low pressure area over western North Carolina and on the morn- 
ing of the 16th it had completely disappeared. The distribution 
of the hourly wind directions and velocities, and hourly precipi- 
tation as related to the cyclonic center and its direction of move- 
ment at Savannah, Ga., and Charleston, S. C., in the left half, 
and Wilmington, N. C., in the right half of the cyclonic area are 
shown in Figure 31. In this cyclone the wind directions in the 
front and left portions of the cyclonic area showed a movement 
around the cyclonic center with varying inclinations towards 
the center while those in the right rear quadrant were mainly in 
the line of advance of the cyclonic center. 

The directions of the lower clouds in this cyclone are some- 
what confused but they are mostly the same as the surface 
winds. The directions of the upper clouds observed both in the 
front and the rear, are somewhat opposed to the direction in 
which the cyclone was advancing when it moved inland. 

Very little precipitation occurred in the front of the cyclone as 
compared with the amounts in the rear half. There was a period 
of increased rainfall intensity at Charleston, S. C., 16 hours in 
advance of the cyclonic center when .69 inch was recorded in two 
hours, or 45% of the total precipitation which occurred at this 
station in front of the cyclone. 

The precipitation at both Charleston and Wilmington in the 
cyclone of July 12-15, 1916, was greater in the rear half than 
in the front half of the cyclonic area. Charleston was about 
25 miles to the left of the line of advance of the center, and 
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the total rainfall in the front half of the cyclone was 2.88 inches. 
[he greatest hourly precipitation intensity at Charleston oc- 
curred from 5 a. m. to 8 a. m., July 15th, 24 hours after the 
passage of and nearly 200 miles in the rear of the cyclonic center. 
At this time the cyclone was centered over western North 
Carolina. 

Heavy rains fell in South Carolina July 15th, some 200 miles 
m the rear of the cyclonic center at that time, and in North 
Carolina on the 15th and 16th, some of the stations being in 
iront and others in the rear of the cyclonic area. The amounts 
of precipitation are given in Table XIII-a. 

The heavy precipitation occurred in all portions of the cyclonic 
area and this disturbance acted in a manner similar to the two 
oreceding cyclones in which the precipitation occurred in all 
parts of the cyclonic area, when they ceased to advance and 
lied out, 
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‘ABLE XIII-a 


[savy PrecipiTaTion In SoutTH Carotina AND NortH Carouina, Juty 15 To 
17, 1916, In A Dy1na Cyclone 


75th Meridian Time 


S July July July 
eo 15th 16th 17th 

SOUTH CAROLINA a.m. | p.m. | a.m. | p.m. | a.m. | p. mt 
‘eorgetown — 3.75 
emassee 5.53 
t. George 5.50 
‘erguson 7.52 
‘ingstree 12.60 
fingham 13.25 
flaysville (near) 4.18 
‘lorence 11.05 
cershaw 5.73 
lairs 4.25 .96 BY/ 
Jatawha 6.60 78 
partanburg 4.00 4.50 50 
Vhite Oak 6.02 .09 
xaiston Shoal 3.20 6.42 33 

NORTH CAROLINA 
Tendersonville 2.38 9.92 .02 
3lantyre 2.85 13.25 12 
Marion 7.83 3.69 1.14 
tickory 9.88 3.30 .02 
\ltapass 3.90 19.32 05 
3anners Hk 7.20 8.66 17 
slobe (near) 7.90 10.10 38 
3lowing Rock =| 9.85 6.50 0 
North Wilkesboro ; 9.08 2.38 0 
[ranson 10.65 740 0 
Jefferson 7.35 4.30 -08 


Jbservations at 8 a.m. and (p.m.) about sunset. 
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TROPICAL CYCLONES IN THE GULF AND SouTH ATLANTIC REGION 
—Cline. 
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Figure 31. Records made during the passage of the tropical cyclone, July 12- 
1916. Intersection of cross lines represents the center of the cyclone. Points 
small regular arrows rest on positions of stations at the time the records w 
made. Figures on the left of the arrows are wind velocities in miles per ho 
figures on the right of the arrows are hourly precipitation measured to hundre 
of an inch. Brackets show greatest hourly precipitation intensity. 

Heavy arrows represent the directions of the lower clouds. 

Broken arrows represent the directions of the upper clouds, the cirrus types. 

This cyclone falls in the group of the smaller cyclones which ceased to adv 


on moving inland. 
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ROPICAL CYCLONE ON THE Mippite Guur Coast SEPTEMBER 
27-29, 1917 


Detailed meteorological data recorded during the passage of 
e tropical cyclone of September 27-29, 1917, (20), are shown 
Table XIV. This disturbance moved through the Yucatan 
hannel and thence northeastward over the Gulf of Mexico. 
hen approaching close to the mouth of the Mississippi River, 
ie cyclone changed its course rapidly from a northwestward 
rection to northeastward with a decided curve as shown in 
uth “N,” Figure 2, which places it in a class by itself. The 
yurly wind direction and velocity and precipitation during the 
‘clone of September 27-29, 1917, are shown in Figure 32, for 
ew Orleans, La., Mobile, Ala., and Pensacola, Fla., first in the 
cht front quadrant and then in the left half of the cyclonic 
ea. The wind directions in the front show varying inclina- 
on towards the center; and in the left rear quadrant, they are 
ainly across the line along which the cyclonic center was 
lvancing. 

The directions of the lower clouds differed somewhat from 
e directions of the surface winds. Three observations of cirrus 
ouds in the front of the cyclone showed them moving from 
ft to right somewhat across the line of advance of the cyclone 
it inclined in the same direction as that in which the cyclone 
as traveling. Cirrus clouds recorded at Pensacola, Fla., in 
ont of the cyclone, had a direction the same as that in which 
.e cyclone was traveling. One observation of cirrus in the rear 
oved from left to right across the line of advance and was 
mewhat opposed to the direction in which the cyclone was 
aveling. 

The greater part of the precipitation occurred in the front 
' the cyclonic area. The greatest precipitation intensity oc- 
red at Pensacola, Fla., about two hours before the passage 
‘the storm center. There was an earlier period of heavy rain 
ell in front of the cyclonic area, occurring about 15 hours 
afore the passage of the storm center and about the time the 
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cyclone curved and commenced moving towards Pen 
There was no heavy precipitation after the passage of the storm 
center. An area of high pressure appeared over the Plains region 
on the 27th, and the pressure was high generally west of the 
Mississippi Valley during the 28th and 29th. This influenced 
not only the direction of movement but also the winds and 
precipitation in this cyclone, 
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Tropicat CycLonEr ON THE MippiE Gur Coast, SrPpTemBER 27 To 29, 1917 
ABLE XIV 90th Meridian Time 


New Orleans, Louisiana. Burrwood, Louisiana. 
ititude 29° 58’ N. Longitude 90° 04’ W.| Latitude 28° 58’ N. Longitude 89° 23’ 
0 the left of the line followed by the center] W. To the left of the line followed by 
the cyclone, 130 miles. the center of the cyclone, 60 miles. 
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Tropicat Cyctone on THE Mippis Guur Coast, SrpTemMBER 27 To 29, 1917 
TABLE XIV 90th Meridian Time 


New Orleans, Louisiana. Burrwood, Louisiana. 


Latitude 29° 58’ N. Longitude 90° 04’ W.} Latitude 28° 58’ N. Longitude 89° 
To the left of the line followed by the center} W. To the left of the line followed 


of the cyclone, 130 miles. the center of the cyclone, 60 miles. 
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TROPICAL CycLoONE ON THE MippiE Gur Coast, SEPTEMBER 27 TO 29, 1917 
ABLE XIV 90th Meridian Time 


_ Mobile, Alabama. Pensacola, Florida. 
ititude 30° 41’ N. Longitude 88° 02’ W.| Latitude 30° 25’ N. Longitude 87° 13’ W. 
) the left of the line followed by the}To the left of the line followed by the 
nter of the cyclone, 60 miles. ) center of the cyclone, 12 miles. 
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150 TROPICAL CYCLONES 
TABLE XIV 90th Meridian Time 


Mobile, Alabama. |... Mobile! Alabama 0) |) #0.) SPehnaccta, sient stannnnnnn Florida. 
To the left of the line followed by the|To the left of the line followed by the 


Latitude 30° 41’ N. Longitude 88° 02’ W. |Latitude 30° 25’ N. Longitude 87° 13’ W. 
center of the cyclone, 60 miles. center of the cyclone, 12 miles. 
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Figure 32. Records made during the passage of the tropical cyclone, September 
7-29, 1917. Intersection of cross lines represents the center of the cyclone. Points 
f small arrows rest on the positions of stations at the time the records were made; 
igures on the left of the arrows are wind velocities in miles per hour; figures on the 


ight of the arrows are the hourly precipitation measured to hundredths of an inch. 
srackets show greatest hourly precipitation intensity. 


Heavy arrows represent the directions of the lower clouds. ; 

Broken arrows represent the directions of the upper clouds, the cirrus types. 

This cyclone falls in the group of smaller cyclones which advanced on an unusually 
harp curve, 


XV 


TropicaL CycLoNE ON West Coast or Lovuistana Aucust 4-6 
1918 


A small cyclone of great intensity near the center passe 
through the Yucatan Channel during the night of August 4-5, 
1918, (30), and its center moved inland on the Louisiana Coas 

‘to the east of Sabine Pass about noon, August 6, 1918, as sho 
on path “O,” Figure 2. This storm was of great intensity over 
an area fifty miles wide to the right of the path of the center. 
It traveled with unusual speed and diminished in intensity soo 
after moving inland. New Orleans, La., was the nearest station 
on the right of the path of this cyclone, Port Arthur, and Hous 
ton, Texas, were in the left half of the cyclonic area. The hourl 
wind directions and velocities and precipitation Sue the pas- 
sage of this cyclone are charted in Figure 33. 


— 


152 


DATA IN CYCLONES 153 


ROPICAL CYCLONES IN THE GULF AND SouTH ATLANTIC REGIONS 
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Figure 33. Records made during the passage of the tropical cyclone, August 
5-6, 1918. Intersection of cross lines represents the center of the cyclone. Points 
of small regular arrows rest on positions of stations at the time the records were 
made; figures to the left of the arrows are wind velocities in miles per hour; figures 
to the right of the arrows are hourly precipitation measured to hundredths of an 
inch. Brackets show the greatest hourly precipitation intensity. 

This was a very small cyclone; the area with storm winds was less than 100 miles 


in diameter, 


XVI 


TropicaL CyctonE WuicH Movep WESTWARD IN THE GULF TO 
THE Texas Coast SEPTEMBER 8-19, 1919 


The tropical cyclone of September 8-19, 1919, followed an 
unusual course through the Florida Straits, thence westward 
across the Gulf of Mexico and moved inland about 45 miles to 
the southward of Corpus Christi, Texas. The automatic records 
at both Key West, Fla., and Corpus Christi, Texas, the stations 
near the center, failed during the passage of the cyclone; th 
records though incomplete are of special interest and are show 
in Table XV. Weightman. (37) has made a very thorough stud 
of the upper air movements in connection with this cyclone and 
has shown that there was an east to west current during Sep- 
tember 5th to 14th, 1919, over the Mexican Gulf coastal region 
and this determined the direction in which the cyclone traveled. 

According to Weightman the easterly current was in evidence 
up to the 5 km. level at Groesbeck, Houston (Ellington Field 
and San Antonio (Kelly Field), Texas, from the Ist of the 
month until the storm moved inland on the 14th. To the east- 
ward at Leesburg, Ga., the current from the east was fully 
established and continued so until the 12th, when west to north 
winds were encountered between 4 and 6 km. elevation. These 
winds were of temporary duration for on the 15th the winds 
were ENE. to ESE. up to 11 km., and it was not until the 16th 
that they changed to steady westerly. — 

Clouds recorded on the Texas Coast, both at Galveston and 
Corpus Christi, show cirrus and also lower clouds moving from 
southeast on the 13th. This cyclone while in the Florida Straits 
encountered upper air currents moving towards the west. For 
a few days the cyclone remained nearly stationary or moved 
very slowly through the Florida Straits and the East Gulf, 
taking three days, from 8 p. m. of the 9th to 8 p. m. of the 
12th, in traveling from the vicinity of Key West, Fla., to a 
point in the middle Gulf south of the mouth of the Mississippi 
River, a distance of 500 miles, at the rate of only about 7 miles 
per hour, Such a slow movement of a cyclone in these latitudes 
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3 out of the ordinary and would not likely occur unless the 
dvance of the cyclone is opposed by an air current from a 
ifferent direction to that in which the cyclone has been travel- 
ng. In this case we find the cyclone moving very slowly towards 
he westnorthwest from the 9th to the 13th, with a tendency 
o recurve, but the easterly current forced the cyclone slowly 
yestward preventing the recurve. The easterly current became 
he dominant factor on the 13th and the cyclone took up a 
ourse and traveled nearly due west during the 13th and 14th, 
yith increasing speed, its velocity now being 12 to 14 miles 
er hour. The course followed by this cyclone is shown in path 
E,” Figure 2, 
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TropicaL CycLonp WuicH Movep THRovuGH THE FLORIDA STRAITS AND THENC 
Westwarp Over THE GuLF oF Mexico, SEPTEMBER 9 To 15, 1919 


TABLE XV 


Key West, Florida. 


Latitude 24° 33’ N. Longitude 81° 48’ W. 
To the right of the line followed by the 
center of the cyclone, 20 miles. 


75th Meridian Time 


Corpus Christi, Texas. 

Latitude 27° 49’ N. Longitude 97° 25’ W. 
To the right of the line followed by th 
Icenter of the cyclone, 45 miles. 
90th Meridian Time 
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ROPICAL CycLoNeE Wuicd Movep TarouGH THE FLORIDA STRAITS AND THENCE 
Westwarpb Over THE Guur or Mexico, SEPTEMBER 9 To 15, 1919 


ABLE XV 


Key West, Florida. 


atitude 24° 33’ N. Longitude 81° 48’ W. 
‘o the right of the line followed by the 
enter of the cyclone, 20 miles. 


75th Meridian Time 


Corpus Christi, Texas. 
ILatitude 27° 49’ N. Longitude 97° 25’ W. 
To the right of the line followed by the 
center of the cyclone, 45 miles. 

90th Meridian Time 
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TROPICAL CYCLONE ON THE Texas Coast JUNE 21-22, 1921 


Detailed meteorological data recorded during the passage of 
e tropical cyclone of June 21-22, 1921, (31), are shown in 
uble XVI. This cyclone was first noted in the Caribbean Sea’ 
ar Swan Island June 16th; it followed an unusual course across 
e Yucatan Peninsula into the Bay of Campeche thence north- 
urd over the Gulf of Mexico, slowly curving towards the east 
d its center moved inland over Matagorda Bay, Texas, 
aveling in a direction a little east of north as shown on path 
,” Figure 2. The hourly wind directions and velocities and 
ecipitation for Galveston and Houston, Texas, in the right 
Jf and Corpus Christi, Texas, first in the right and then in the 
it half of the cyclonic area are charted in Figure 34. The 
nds in the right rear quadrant were in the same general direc- 
ym as that in which the cyclone was traveling. In the right 
mt quadrant the inclination of the winds towards the center 
minished considerably seven to eight hours before the passage 
the center. In the left front quadrant the winds do not show 
inclination towards the center. 
The directions of the lower clouds in this cyclone were in 
2in the same as the surface winds. There is only one observa- 
m of cirrus and that well in the rear of the left rear quadrant 
th a direction across the line of advance of the cyclone. 
The greatest hourly precipitation intensity was well in ad- 
nce of the cyclonic center. At Corpus Christi, Texas, it 
curred 18 hours before the passage of the cyclonic center when 
at station was in the right front quadrant of the cyclonic area. 
ily .02 of an inch of precipitation occurred at Corpus Christi 
ter the passage of the center. 
At Houston, Texas, the total precipitation during the passage 
the cyclone was 3.22 inches, and 2.77 inches of this was re- 
rded in three hours commencing when the cyclonic center 
is 150 miles distant in space and 11 hours in time and ending 
1en the storm center was 110 miles distant in space and eight 
urs in time. This heavy precipitation was 75 miles to the 
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right of the line along which the cyclonic center was advancini 
at that time. At Galveston, Texas, at that time 110 miles t 
the right of the line along which the cyclonic center was ad: 
vancing, the greatest hourly precipitation intensity was .41 ine 
in one hour when the center was 85 miles distant in space a 


the cyclonic area. Precipitation ceased at Houston with the 
passage of the center and there was only .05 of an inch at 
Galveston after that station passed into the rear half of 
cyclonic area. 

In connection with the unusual course followed by the cyclon 
which appeared in the Caribbean Sea June 16th and reache 
the Texas Coast June 22, 1921, it is of interest and importan 
to note the movement of cirrus clouds recorded at New Orleans 
a few days previous to the first appearance of this cyclone. Juni 
11th, cirro-stratus clouds were recorded from the north during 
most of the afternoon; June 12th, cirrus clouds prevailec 
throughout the day moving from the northwest, and cirrus 
clouds were recorded on the morning of the 13th from the north 
west. The movement of the upper air current as shown by 
clouds observed at New Orleans a few days previous to th 
appearance of the hurricane in the Caribbean Sea is of interet 
in connection with the unusual course followed by this cyclone 
during the first few days of its existence, 
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Records made during the passage of the tropical cyclone, June 21-22, 1921. 
Mtersection of cross lines represents the center of the cyclone. Points of small regular arrows 
est on positions of stations at the time the records were made; figures to the left of the arrowd 
wre wild velocities in miles per hour; figures on. the right of the arrows are the hourly pre- 
i Brackets show greatest precipitation intensity. 


sipitation measured to hundredths of an inch, D i 
Heavy arrows represent the directions of the lower clouds; broken arrows represent the directions 
This cyclone followed an exceptional course. 


of upper clouds, the cirrus types. 


Figure 34. 
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TROPICAL CYCLONE IN FioripA OcToBER 23-26, 1921 


The tropical cyclone of October 23-26, 1921, (32), moved from 
the Caribbean Sea northward, curving over the Yucatan Chan= 
nel, the eastern Gulf of Mexico, northeastward across the centra 
portion of the Florida Peninsula, and thence eastward into thi 
Atlantic Ocean, as shown by path “F,” Figure 2. The study o 
this cyclone is of special interest because of the fact that i 
course was mainly over the water during the entire period of it 
existence, the Florida Peninsula being only about 100 miles wide 
than in a cyclone where no high pressure area was near and th 
curve in the path of the cyclones was less pronounced. 

The hourly wind directions and velocities and precipitation 
at five stations well distributed in this cyclone are shown on 
Figure 35. The wind directions in the right rear quadrant aré 
mainly in the same direction as that in which the cyclonic centet 
advanced. In the right front quadrant the wind directions, whil 
the velocity was between 9 and 16 miles per hour, were inclined 
towards the center, but with the increase in velocity as the 
center approached the directions were inclined more to the right 
and for four hours before the passage of the center were across 
the line of advance. The winds moved around through the left 
front quadrant into the left rear quadrant where they inclined 
more to the center and moved directly across the line along 
which the cyclonic center was advancing. The winds well in the 
front of this cyclone show the influence of an area of high pres- 
sure that was over the northeastern portion of the United States 
and which influenced the course followed by the cyclone. Th 
winds in the front of this cyclone are inclined more to the center 
than in a cyclone where no high pressure area was near and th 
curve in the path of the cyclones was less pronounced. 

The directions of the lower clouds in the front half of th 
cyclone, taken as a whole, showed less inclination towards th 
cyclonic center than the surface winds. In the rear half th 
directions of the lower clouds were generally the same as th 
surface winds. No clouds of the cirrus type with directions we: 
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corded within the limits of this cyclone except at Key West, 
la., two observations well in front show cirrus clouds moving 
om the southwest, a direction which the cyclone followed on 
aching this latitude. 

Precipitation commenced at Tampa, Fla., 58 hours before 
e passage of the storm center. At this station, in the right 
lf, the greatest hourly precipitation intensity occurred eight 
yurs before the passage of the cyclonic center, and at Jackson- 
Ile, Fla., in the left half, it occurred five hours before the 
issage of the cyclonic center. There was very little precipita- 
om at any of the five stations after they passed into the rear of 
e cyclonic area. This is of special importance because of the 
nall land area and the fact that the winds were mainly off 
ater surfaces, both in the right and left halves of the cyclonic 
ea. 

Sufficient pressure readings were made on the Florida Penin- 
la to permit the drawing of isobars showing the gradients 
the front half of the storm area as it advanced into the Penin- 
Ja, October 25th, and then, in the rear half of the storm 
ea as the center crossed the Peninsula. The positions of most 
ssel stations in the cyclonic area are too uncertain to permit 
e use of their barometer readings in drawing isobars with 
ficient accuracy for scientific investigation. Chief Officer 
anton of the American Steamship Truxillo which was about 
_ miles due west from Egmont Key, Florida, October 25, 1921, 
ys: 

“10.20 a. m. Entered storm center, barometer 28.28 
inches; no wind, but a terrific cross sea. 10.50 a.m. Passed 
out of storm center, barometer 28.28 inches; getting wind ~ 
from west, hurricane force.” 


The pressure here was 28.28 inches with a dead calm for half 
. hour. The shift of the wind shows this station in the calm 
ea but a little to the right of the line followed by the center 
the cyclone. 

At Tarpon Springs, Florida, October 25, 1921, the barometer 
as 28.29 inches at 2.15 p. m. and 28.29 inches at 2.80 p.m. The 
server, Dr. A. P. Albaugh, says: 


“1.20 p. m, Wind southeast and stronger; our highest 
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wind was from 1.30 to 2.00 p. m.; about 2.15 p. m. wind 
getting lighter; about 2.40 p. m. almost calm and remained 
so for one hour or more, then started from the northwest 
and heightened for one hour or more then grew lighter.” 


From the shift of the wind mentioned by Dr. Albaugh, Tarpon 
Springs was evidently a few miles to the left of the line followed 
by the center of the cyclone. The calm area on the left of the 
line followed by the center of the cyclone is of longer duration 
than at stations the same distance from the center on the right 
side of the path. 

The pressure during the passage of this cyclone is represented 
on maps Figures 36 to 41. Supplemental barometer readings 
at sub-stations near the center of the cyclone are given in Table 
XVIII. Within the 29.4 isobar the form of the isobars is nearly 
circular. .A crowding of the isobars appears in the left front 
of the cyclonic area as shown in Figure 37. The isobars became 
more crowded and the gradient steepened on the left side as 
the high pressure area extended southward along the Atlanti 
Coast during the passage of the cyclone out into the Atlantiz 
Ocean. 
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Tropica CycLonE IN THE East Guur AND Souts ATLANTIC RKecions, 
OctToBER 23 To 26, 1921 


BLE XVII 75th Meridian Time 
Charleston, South Carolina. Savannah, Georgia. 


titude 32° 47’ N. Longitude 79° 56’ W.|Latitude 32° 05’ N. Longitude 81° 05’ W. 
, the left of the line followed by the/To the left of the line followed by the 


nter of the cyclone, 240 miles. center of the cyclone, 205 miles. 
: nm | e Q . 
g 3 CLOUDS z E CLOUDS 
2 ¥ = yee 
Bie else e 1B Fle) Sle 
5 3) al Z| & 5 ° So /a/4|B/s 
m |4a/5/2/8/8 mH | Aa\Ble| a] 
Pis|s/ 2/86 B ab lgia| 8 lab g 
a |ealalelales iS zi Bale) 1A leo B 
ae |B) ja eas ar |B] & alt iS) 
B jeslele/2i2e) @ jel & /salgle|elee| & |e 
A I€2lEl€leled] = lal A |e2lelale led) s ja 
4th 24th ? 
p.m. | 30.01/74) 0 jne.| 17 1 p.m. | 29.99)74/0 |e. 19 
p.m. | 30.00|74| 0 jne.| 16 2 p.m. | 29.98|75| 0 |e. 20 
p.m. | 29.98/73] 0 |ne.| 16 | 3 p.m. | 29.97|73}0 jne. | 16 
p.m. | 29.98/72} 0 jne.| 14 ) 4 p.m. | 29.96/73} 0 |ne. | 16 
p.m. | 29.98/70} 0 jne.| 10 5 p.m. | 29.96|72|0 Ine. | 16 
p.m. | 29.98/69] 0 jne.| 11 6 p.m. | 29.95/71/0 |ne. | 15 
p.m. | 29.97/68] 0 |ne.| 11 |st sw.| 7 p.m. | 29.95/70] 0 jne. | 15 
p.m. | 29.96/67} 0 |ne.| 10 | 8 p.m. | 29.94/70] T. |ne. | 13 jst. ne. 
p.m. | 29.95/67| 0 |ne.| 10 | 9 p.m. | 29.93/69] 0 Ine. | 11 
p.m. | 29.94/67|0 |ne.| 9 10 p.m. | 29.93/68] 0 jne. | 14 
mid. | 29.93/67|0 |ne.| 9 11 p.m. | 29.90|68] T. Jne. | 12 
5th 12 mid. | 29.87/67|0 ne. | 11 
a.m. | 29.91/67|0 |ne.| 9 |} 25th 
a.m. | 29.89/67|0 |ne.| 9 | 1 a.m. | 29.87/66] T. |ne. | 12 
a.m. | 29.88/67] 0 |ne.}| 10 2 a.m. | 29.86/66}.03 |ne. 6 
a.m. | 29.87|67|0 j|ne.| 11 3 a.m. | 29.85/67| T. |ne. 9 
a.m. | 29.86/67] 0 |ne.} 11 4 a.m. | 29.83/67) 0 |ne. | 12 
a.m. | 29.87|67|.04 |ne. | 10 5 a.m. | 29.83/67] 0 Ine. | 16 
a.m. | 29.87|67}.02 |ne. | 10 Avan, hes 6 a.m. | 29.83/67| T. jne. | 11 
a.m. | 29.87\67| 0 |ne 11{{%; SW} 7 a.m. |29.82/67|.01 ne. | 11/1, ot, le 
a.m. | 29.87/71/0 {ne.| 12'S" 8 a.m, | 29.82/67 T. Ine 13{(% ae 
a.m. | 29.87|72| T. |ne. | 17 9 a.m. | 29.83/67|.12 jne. | 15‘) "| 
a.m. | 29.86/73] T. |ne. | 17 (let 10 a.m. | 29.82)68}.02 |ne. | 14 
noon| 29.85/71).03 |ne. 184 ae ne 11 a.m. | 29.82/70} T. |ne. | 14 
p.m. | 29.82|71) T. ne. | 19 12 noon] 29.80/70) 0 |e. 20 |st. cu. [ne 
p.m. | 29.80/71].01 ne. | 16 1 p.m. | 29.77|71| T. Ine. | 14 
p.m. | 29.78/72] 0 |ne.| 16 | 2 p.m. | 29.75/68].14 |ne. | 18 |st ne 
p.m. | 29.77/71) 0 |ne.| 21 3 p.m. | 29.74/69)10 ne. | 20 
p.m. | 29.78/70) 0 je. | 19 4 p.m. | 29.73/68] T |ne. | 22 |st ne 
p.m. | 29.77/69] 0 jne.| 16 5 p.m. | 29.71/68] T jne. | 23 
p.m. | 29.77/70} 0 jne.| 15 6 p.m. | 29.71/68] T jne. | 21 
p.m. | 29.77/70] 0 |ne.| 15 |st ne. 7 p.m. | 29.71/69] T |ne. | 21 
p.m. | 29.76/70} T. |ne. | 19 | 8 p.m. | 29.71/68].03 |ne. | 23 |st ne. 
p.m. | 29.77|71| T. ne. | 15 9 p.m. | 29.71/68}.02 ne. | 28 
p.m. | 29.76/71|.01 |ne. | 20 10 p.m. | 29.69]69).01 |ne. | 26 
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TROPICAL CYCLONE IN THE Hast GULF AND SoutH ATLANTIC REGIONS, 
OcToBER 23 To 26, 1921 ri 


TABLE XVII 75th Meridian Time 


Charleston, South Carolina. Savannah, Georgia. 


Latitude 32° 47’ N. Longitude 79° 56’ W.}Latitude 32° 05’ N. Longitude 81° 05’ W. 
To the left of the line followed by thelTo the left of the line followed by the 


center of the cyclone, 240 miles. center of the cyclone, 205 miles. 
a aq 
15 CLOUDS 5 CLOUDS 
a x 4 
mn 
a imi al2i.e8 A ie| a] 2) 
P 5 4/2 5 Bs B 5 a] = ES 
m | 4a/6) 2138/8 m |ABIBl el] ais 
Ble! 4] eal/x & a a Rie] 4 | ye 4 
2 Bel<|a/ FR) a8 S zB e|<| a) 5 | Be 8 
4 [BRIER IAIRS Fl 2 | B/E) E/A le E 
A l[AZlsiA|EIES| = [Al A |AelslA/EIRS] 4 JA 
25th 25th 
12 mid. | 29.74/71) T. |jne. | 22 11 p.m. | 29.67|70} T. |ne. | 27 
26th 12 mid. | 29.65|70}.01 ne. | 27 
1 a.m. | 29.74/71).01 ne. | 20 26th 
2 a.m. | 29.73/71).13 |ne. | 19 1 a.m. | 29.65/70}.01 |ne. | 27 
3 a.m. | 29.72/71).06 |ne. | 25 2 a.m. | 29.65/70).04 |ne. | 27 , 
4 a.m. | 29.73/68|.03 ne. | 34 3 a.m. | 29.64/71] T. ne. | 27 |Center 
5 a.m. | 29.75)/66).02 ne. | 36 4 a.m. | 29.65]/70|.08 jne. | 24 |Passed 
6 a.m. | 29.78/64) 0 jne.| 35 5 a.m. | 29.67/69] T. |ne. | 29 
7 a.m. | 29.80/62) 0 jne.| 86 |Center 6 a.m. | 29.71/65|.04 |ne. | 35 
Passed 7 a.m. | 29.73/64|.01 jne. | 29 
8 a.m. | 29.81/62| 0 |ne.| 38 |st ne. | 8 a.m. | 29.77/63] 0 |ne. | 29 |st. cu. |ne. 
9 a.m. | 29.83/61) T. |ne. | 37 9 a.m. | 29.80/61|0 |ne. | 31 
10 a.m. | 29.84/61) 0 |ne.| 38 10 a.m. | 29.82/61}0 |ne. | 29 
11 a.m. | 29.84/63) 0 jne.| 39 11 a.m. | 29.83/62] T. ne. | 29 
12 noon) 29.84/64) T. Ine. | 36 |st ne. 12 noon} 29.83/62] 0 |ne. | 28 
1 p,m. | 29.84/65} T. |ne. | 36 1 p.m. | 29.82/63) 0 jn 29 |st. n 
2 p.m. | 29.84/65) 0 jne.| 36 2 p.m. | 29.82/63) 0 [In 27 
3 p.m. | 29.86/66) 0 |ne.| 33 3 p.m. | 29.83/64) 0 |ne. | 28 
4 p.m. | 29.89/66) 0 ine.| 31 4 p.m. | 29.86/63) 0 |ne. | 28 
5 p.m. | 29.90/65) 0 jne.| 32 5 p.m. | 29.88/64) 0 Ine. | 26 
6 p.m. | 29.93/66/ 0 |ne.| 28 6 p.m. | 29.91/64) 0 |ne. | 23 
7 p.m. | 29.95/66, 0 jne.| 31 7 p.m. | 29.93/63} 0 |ne. | 24 
8 p.m. | 29.95/66) 0 jne.| 31 |st ne. | 8 p.m. | 29.97/62) 0 jn 23 |st. n 
9 p.m. | 29.97/64) 0 |ne.| 30 9 p.m. | 29.99/61/0 jn 20 
10 p.m. | 29.98/63) 0 |ne.| 27 10 p.m. | 30.00/61}0 jn. | 20 
11 p.m. | 30.00/62/0 [n. | 27 11 p.m. | 30.01/61} 0 |ne. | 19 
12 mid. | 30.00/62) 0 |ne.| 28 12 mid. | 30.02/61) 0 |ne. | 19 
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TABLE XVIII 


BAROMETER READINGS AT SUBSTATIONS IN FLoRIDA DURING THE PASSAGE OF THE 
TropicaL Cycionn, Ocrosrr 25, 1921. Tum Distance or THE STATIONS TO THE 
Ricut or Lert or tHe Linge FOLLOWED BY THE CENTER OF THE CYCLONE IS GIVEN 
SUPPLEMENTAL TO TaBLE XVII. 
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Figure 35. Records made during the passage of the tropical cyclone, October 23 
to 26, 1921. Intersection of cruss lines represents the center of the cyclone. Points 
of small regular arrows rest on positions of stations at the time the records were 
arrows are wind velocities in miles per hour; figures 


made; figures on the left of the 
on the right of the arrows are the hourly precipitation measured to hundredths of 


an inch. Brackets show greatest precipitation intensity. 
Heavy arrows represent the directions of the lower clouds. 
Broken arrows represent the directions of the upper clouds, the cirrus types. 
This cyclone falls in the group of larger traveling cyclones and moved mainly 


over water 
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TROPICAL CYCLONES IN THE GULF AND SouTH ATLANTIC REGION: 
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Figure 36. Pressure distribution, 8:00 a.m., October 25, 1921, 75th Meridia 
Time. Isobars are drawn for each .10 of an inch. Broken line is path followed b; 
the cyclonic center. Solid line with arrow indicates the direction of movement © 
the cyclonic center at 8:00 a.m. 
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OPICAL CYCLONES IN THE GULF AND SouTH ATLANTIC REGIONS 
—Cline. 


B5°- So* 


PA 
Tennesses in Achevilley 
North Carolina. 


ses ype eames gt ae 
; i — =. 
! \ ee 
i! \ South Cerolina, : 
| Span 
| Alabeus. 


Se Rea os 


ULF OF MEXICO. 


< SCALE mW STATUTE MILES 
50 ° 


ch 


Figure 37. Pressure distribution, 12 noon, October 25, 1921, 75th Meridian Time. 
bars are drawn for each .10 of an inch. Broken line is path followed by the 
slonic center. Solid line with arrow indicates the direction of movement of the 
clonic center at noon. 
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TROPICAL CYCLONES IN THE GULF AND SoutH ATLANTIC Reciond 
—Cline. 
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Figure 38. Pressure distribution, 4:00 p.m., October 25, 1921, 75th Meridi 
Time. Isobars are drawn for each .10 of an inch. Broken line is path followed 
the cyclonic center. Solid line with arrow indicates the direction of movement 
the cyclonic center at 4:00 p.m. 
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PICAL CYCLONES IN THE GULF AND SouTH ATLANTIC REGIONS 
—Cline. 
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‘igure 39. Pressure distribution, 8:00 p.m., October 25, 1921, 75th Meridian 
ie. Isobars are drawn for each .10 of an inch. Broken line is path followed 
the cyclonic center. Solid line with arrow indicates the direction of movement 
he cyclonic center at 8:00 p.m. 
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TROPICAL CYCLONES IN THE GULF AND SouTH ATLANTIC REGION! 
—Cline. 
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Figure 40. Pressure distribution, 12 Midnight, October 25-26, 1921, 75th Meridi 
Time. Isobars are drawn for each .10 of an inch. Broken line is path followed 
the cyclonic center. Solid line with arrow indicates the direction of movement 


the cyclonic center at 12 Midnight. 
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OPICAL CYCLONES IN THE GULF AND SouTH ATLANTIC REGIONS 
: —Cline. 
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‘gure 41. Pressure distribution, 4:00 a.m., October 26, 1921, 75th Meridian 
ae. Isobars are drawn for each .10 of an inch. Broken line is path followed by 
cyclonic center. Solid line with arrow indicates the direction of movement of 
cyclonic center at 4:00 a.m. 


XIX 


TropicaL CYCLONE IN THE CARIBBEAN Recion Octoser 14-19 
1922 


A tropical disturbance which appeared in the Caribbean Ses 
October 14, 1922, immediately southwest of Jamaica, movec 
slowly westward and crossed the Yucatan Peninsula on the 18tk 
and 19th, and then traveled southwestward over the westerr 
Gulf of Mexico and the Bay of Campeche into Mexico. The 
course followed by this cyclone is so unusual that it is mentionet 
here in connection with cirrus cloud directions recorded at New 
Orleans, La., showing the movements of upper air currents ai 
this time. 

October 17, 1922, stratus clouds obscured the sky in the earls 
part of the forenoon, and in passing off revealed cirrus cloud: 
moving from the northeast. No clouds were visible during the 
18th. About noon of the 19th the writer noted cirrus clouds 
moving with exceptional rapidity from the northeast and by 
2 p. m. the sky was eight-tenths covered. An observer was sei 
to the nephoscope to measure the velocity and he reported th« 
velocity based on the cirrus level to be 140 miles per hour. The 
first assistant and other observers checked this record and founc 
it correct. The rate of travel was so great that the following 
note was made in the daily journal of the New Orleans Station 
October 19, 1922: 


“Cirrus clouds were observed at noon; changing in a fev 
hours into cirro-stratus. Computed on the average cirrut 
level (10,000 meters) the velocity at 2 p. m. would hav 
been shown as 140 miles per hour from the northeast. Thi 
velocity, however, appeared so extraordinary that it was 
then assumed that the cirrus clouds were not much above 
the average alto-stratus level, (5000 meters) and _ the 
velocity was therefore made of record, 70 miles from the 
northeast. (Computations were made and checked by 
several assistants. )”’ 

The upper air current moving from the northeast over Ney 
Orleans October 17 to 19, no doubt was the cause of the unusua 
course followed by this cyclone. 
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INDS AND PRECIPITATION IN Four oF THE LARGER TRAVELING 
CYCLONES 


The winds in the individual storms have well defined similar 
aracteristics in the different parts of the cyclonic area. In 
Jer to study these characteristics of the winds more closely the 
veral cyclones of about the same size and type have been 
mbined on one chart. Eleven of the sixteen tropical cyclones 
nsidered in the foregoing parts of this study fall into three 
11 defined classes when size and movement are considered. 
) Large cyclones, those with a diameter greater than 450 
les, which continued to advance after moving inland. (b) 
nall cyclones, those with a diameter of 300 to 450 miles, that 
ntinued to advance after reaching land. (c) Small cyclones 
1ich did not continue to advance on moving inland. The 
ameter of the area in which well defined cyclonic conditions 
evailed is considered as the diameter of the cyclone. 

Six of the cyclones under consideration have diameters greater 
an 450 miles and these are classed as large traveling cyclones. 
1e paths followed by the centers of these cyclones are shown 
Figure 2, paths “A” to “F,” inclusive. 

The hourly wind directions and velocities recorded at the 
veral stations during the passage of four of the large cyclones 
which we have complete automatic records are combined on 
e chart in Figure 42. It is remarkable how uniformly the © 
nd directions recorded in the different cyclones conform and 
ree in the different parts of the cyclonic area on this combined 
art. In the right rear quadrant all the winds have the same 
neral direction as that in which the cyclonic center advanced. 
me of these cyclones curved rather abruptly to the right 
ter passing the stations of observation, thus carrying the sta- 
ms as they fall back in the rear across the right quadrant. 
here the records of stations in the curving storms are carried 
ross the records from other stations in other storms of other 
ars the wind directions fall in line with each other and coin- 
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cide as accurately as the direction of one hour follows the preced: 
ing hour at the same station in the same storm. 

In the August 17-22, 1915, cyclone, Galveston and Houston, 
Texas, are carried back across the right rear quadrant and when 
they come in line with records made at New Orleans and Burr- 
wood, La., Mobile, Ala., and Pensacola, Fla., in the cyclone of 
September 19-20, 1909, and the cyclone of September 29-30, 
1915, the wind directions coincide as closely as if they were at 
the same station in the same cyclone. In the October, 1921, 
cyclone, records for Key West, Fla., cross those for Mobile, Ala., 
and Pensacola, Fla., in the cyclone of September 19-20, 1909, and 
the wind directions coincide as of the same cyclone. 

An examination of the movement of the winds in the right 
half of the combined chart reveals decided changes in directions 
as related to the cyclonic center which so far as we know have 
not been brought out previously in the study of winds in 
cyclones. In the region where the winds of the right rear quad- 
rant pass into the right front quadrant there is a decided shift 
to the left in a very limited space. The change of direction i 
this region within 150 miles on the right of the cyclonic center, 
which includes all observations within that distance of the 
center, amounts to 90 degrees change in direction in 20 to 70 
miles in space and three to eight hours in time. It is also seen 
that these winds come into this region with generally high 
velocities and at times 100 miles per hour is exceeded. More 
than 150 miles to the right of the center of the cyclone a shift 
of 90 degrees or nearly that amount occurs in 8 to 12 hours’ 
time. Where there is sucha decided general change of wind 
direction with high velocity in so short a space and time as 
occurs within 200 miles to the right of the center there is of 
necessity convergence and ascending air. 

The wind directions of the different cyclones, as shown in the 
front half of the combined chart, fall in together with as much 
uniformity as appears in the charts of the individual cyclones, 
with the sole exception of the cyclone of October 23-27, 1921, in 
which the winds in the front were influenced by an area of high 
pressure as previously mentioned. 

In the left rear quadrant the winds take up a course which 
carries them with comparatively low velocities almost directly 
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rcross the line of advance of the center, where they curve into 
the winds of much greater velocity of the right rear quadrant 
n a manner nearly uniform in all the cyclones. The winds of 
smaller velocity in the left rear quadrant are drawn in by the 
winds of higher velocity in the right rear quadrant, which mini- 
nizes the effects of the rather sharp convergence in the rear of 
he cyclone and there is on this account probably little or no 
yscending air in this area asa result of this convergence. The 
1ighest sustained wind velocities at all stations in all storms are 
shown in the right rear quadrant. The next highest velocities 
wre in the right front quadrant. The velocities in the left half 
ure not nearly so great as in the right half. The agreement in 
the wind directions and velocities in the different parts of this 
shart made up by a combination of different large storms shows 
-onclusively that this chart represents as closely as we can de- 
ermine from available data the actual wind directions and 
velocities which prevail at short intervals of time.and space in 
lifferent parts of tropical cyclones with diameters greater than 
50 miles while traveling through these latitudes. In the smaller 
»yclones we have on the combined chart more comes data in 
he left half near the center of the cyclone. 

The hourly precipitation records at the several cen in the 
four large traveling cyclones are combined on one chart in 
Figure 43. Only light precipitation is recorded in the rear half 
of the cyclones except at one station several hundred miles to the 
‘ight of the line of advance of the center, where there was prob- 
bly a secondary disturbance in the cloud region over that part 
of the cyclonic area. . 

‘The precipitation of greatest intensity occurs in the right 
ront quadrant in all of these cyclones and the position of the 
1ourly precipitation intensity at the several stations falls in 
ogether so regularly that it appears as the precipitation of one 
ndividual cyclone. The greatest hourly precipitation intensity 
n the large traveling cyclone is about 80 miles in space and 7 to 
(0 hours in time in advance of the cyclonic center and to the 
ight of the line along which the center was advancing when 
t occurred. The hourly precipitation exceeds one-third of an 
neh over an area 100 miles in width and 250 miles in length 
commencing in the front and extending well across the right 
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front quadrant. Half an inch or more falls in one hour over an 
area 50 miles wide and 150 miles long extending from the line 
along which the center is advancing, to the right across the 
right front quadrant; this heavy rain area commences about 100 
miles in front of the line dividing the cyclone into front and 
rear halves. 
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Figure 42. Hourly wind velocities and directions in four of the larger traveling cyclones 
bined. This chart shows that the wind 


(those having diameters of more than 450 miles) com 
different cyclones at different stations, fall in line with 


directions of the several quadrants in d 
each other regardless of the time, place, or direction of movement. This chart represents as 
nearly as we can ascertain the winds at short intervals of time and space in the larger traveling 
cyclones. The storms used in this chart are as follows: 
B.—Stations in the Louisiana cyclone, September 19-21, 1909, left to right, Galveston, Texas; 
Florida. See chart figure 5. 


New Orleans, Louisiana; Mobile, Alabama; and Pensacola, 
C.—Stations in the Texas cyclone, August 16-18, 1915, left to right, Corpus Christi, Texas; 
and Burrwood, Louisiana. See chart figure 8. 


Houston, Texas; Galveston, Texas; 
D.—Stations in the Louisiana cyclone, September 27-30, 1915, left to right, New Orleans, La.; 
Burrwood, La.; Mobile, Ala.; and Pensacola, Florida. See chart figure 21. 
F.—Stations in the Florida cyclone, October 23-26, 1921, left to right, Charleston, South 
Carolina; Savannah, Georgia; and Jacksonville, Tampa, and Key West, Florida. See chart 


figure 35. 
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in four of the larger traveling cyclones (those havi 
diameters of more than 450 miles) combined on one chart. The greatest precipitation intens 
(see brackets) occurs in the right front quadrant in all of these cyclones. There is no precipit 
tion of consequence in the rear half of the cyclonic area. This chart represents the distributi 
of precipitation as it actually occurs in the traveling cyclone as nearly as we can expect 


determine. 
B.—Stations in the Louisiana eyclone, September 19-21, 1909, left to right, Galveston, Tex: 
New Orleans, Louisiana; Mobile, Alabama; and Pensacola, Florida. See chart figure 5, 
C.—Stations in the Texas cyclone, August 16-18, 1915, left to right, Corpus Christi, Tex 
Houston, ‘Texas; and New Orleans, Louisiana. See chart figure 8. : 
D.—Stations in the Louisiana cyclone, September 27-30, 1915, left to right, New Orlea 
Louisiana; Mobile, Alabama; and Pensacola, Florida. See chart figure 21. 
¥.—Stations in the Florida cyclone, October 93-26, 1921, left to right, Charleston, So 
Carolina; Savannah, Georgia; and Jacksonville, Tampa, and Key West, Florida. See ch 


figure 35, 


Figure 43. Hourly precipitation 
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WINDS AND PRECIPITATION IN Four SMALLER TRAVELING 
CYCLONES 


There were four traveling cyclones similar in character which 
ad diameters between 300 and 450 miles and which continued 
o advance after moving inland, and their paths are shown by 
‘G” to “J,” inclusive, Figure 2. The hourly wind directions 
nd velocities at the several stations in these four cyclones are 
ombined on one chart in Figure 44. The wind directions at all 
tations in the right rear quadrant in all these cyclones fall into 
he same direction as that in which the cyclonic center advanced, 
is was the case in the larger cyclones. In the right front quad- 
ant the winds show a decided change in direction near the line 
lividing the cyclone into front and rear halves about the same 
is in the large traveling cyclones. The wind directions in the 
eft half agree closely with those in the larger cyclones, moving 
round the center through the left front quadrant into the left 
ear quadrant where they turn towards the center and blow 
lirectly across the line of advance and curve into the winds of 
he right rear quadrant. 

The distribution of hourly precipitation at stations in the four 
yclones, 300 to 450 miles in diameter, has been combined on 
me chart in Figure 45. Only light precipitation is recorded in 
he rear half of the cyclonic area. The precipitation of greatest 
ntensity in these. smaller traveling cyclones is recorded directly . 
n front of the center and to the right and it occurs two to five 
.ours before the center of the cyclone reaches the stations. The 
nost intense precipitation occurs nearly twice as far in advance 
yf the center in the large as compared with the smaller traveling 
yclones, 
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Figure 44. Hourly wind velocities and directions in four of the smaller traveling — 
cyclones (those having diameters between 300 and 450 miles) combined. This~ 
chart shows a general agreement of the wind directions of the several quadrants, © 
in different cyclones at different stations; it represents as nearly as we can expect 
to ascertain the winds at short intervals of time and space in different parts of the | 
smaller traveling cyclones. i 

G.—Stations in the middle Gulf coast cyclone, September 26-27, 1906, left to 
right, New Orleans, Louisiana; Mobile, Alabama; and Pensacola, Florida. See; 


chart figure 3. 
H.—Key West in the Florida Straits cyclone, October 17-18, 1906. See chart 


figure 4. 5 : 
I.—Stations in the Florida Straits cyclone, October 10-12, 1909, left to right, 


Key West, and Jupiter, Florida. See chart figure 6. 
J.—Stations in the east Gulf coast cyclone, September 2-4, 1915, left to right, 


Mobile, Alabama; and Pensacola and Tampa, Florida. See chart figure 20. 
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Figure 45. Hourly precipitation in four of the smaller traveling tropical cyclones 
diameters between 300 and 450 miles) combined. The greatest 


hose having neter’ 
recipitation intensity (in brackets) occurs in the front and right front quadrant in 


ll the cyclones. There is no precipitation of consequence in the rear half of the 
yelonic area. This chart represents the distribution of precipitation as it actually 
scurs in the smaller traveling cyclones as nearly as we can expect to determine. 

G.—Stations in the middle Gulf coast cyclone, September 26-27, 1906, left to 
ght, New Orleans, Louisiana; Mobile, Alabama, and Pensacola, Florida. See 


rart figure 3. 
H.—Key West in the Florida Straits cyclone, October 17-18, 1906. See chart 


pure 4. 
T.—Stations in the Florida Straits cyclone, October 10-12, 1909, left to right, 


‘ey West, and Jupiter, Florida. See chart figure 6. 
j.—Stations in the east Gulf coast cyclone, September 2-4, 1915, left to right, 
fobile, Alabama; and Pensacola and Tampa, Florida. See chart figure 20. 
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Smatt TRAVELING CYCLONES WITH IRREGULAR MovEMENTS 


There were two tropical cyclones, that of September 27-29, 
1917, with a diameter of about 350 miles, and that of June 21-22 
1921, with a diameter of about 200 miles, that continued te 
advance after moving inland. These cyclones, because of then 
peculiar movement and the course of their paths, have not beer 
combined on the chart with the other small cyclones. However 
the winds in the different parts of these cyclones were not dif. 
ferent from those recorded in the other traveling cyclones anc 
the precipitation occurred mostly in the front of the cycloni 
area as shown on charts in Figures 32 and 34, where data fo 
these cyclones are presented. There was a small cyclone 
August 5-6, 1918, probably 100 miles in diameter, which ad 
vanced inland for about 200 miles and died out. This cyclon 
was so small that it falls in a class by itself; the winds anc 
precipitation are shown on Figure 33. The paths followed hy 
these three cyclones are shown by paths “N,” “O,” and “Py 
Figure 2. 
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ROPICAL CycLones WuicH Crasep To ADVANCE oN MovinG 
INLAND 


There were three small tropical cyclones which did not con- 
nue to advance on moving inland and they have general char- 
teristics in common. The paths of these cyclones are shown ° 
7 paths “K,” “L,” and “M,” on Figure 2. The hourly wind 
rections and velocities recorded at stations during the passage 
these cyclones are combined on one chart in Figure 46. The 
inds in the right rear quadrant were in the same general direc- 
on as that in which the cyclone was advancing, the same as 
the cyclones which continued to advance. In the right front 
iadrant and the left half of the cyclonic area, the wind direc- 
ons were more around the cyclonic center than was the case in 
clones which continued to advance. 

The hourly precipitation in the three cyclones which did not 
lvance on moving inland is shown on one chart in Figure 47. 
ere the precipitation is not confined to any particular part 
_the cyclonic area as it is in the traveling cyclones. The 
eatest hourly precipitation intensity is shown in the various 
irts of the cyclonic area without that systematic distribution 
hich is found in cyclones which continue to advance. 
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Hourly wind velocities and directions in three cyclones with diamet 


Figure 46. ’ 
between 200 and 400 miles which ceased to advance on moving inland. This ch 


represents the winds in the smaller cyclones which can not be classed as travel 
cyclones. 


K.—Stations in the Georgia coast cyclone, August 26-28, 1911, left to rig 
Savannah, Georgia; Charleston, South Carolina; and Wilmington, North Carol: 
See chart figure 7. 

L.—Stations in the middle Gulf coast cyclone, July 5-7, 1916, left to right, } 
Orleans, Louisiana; Mobile, Alabama, and Pensacola, Florida. See chart figure 

M.—Stations in the South Carolina coast cyclone, July 12-16, 1916, left to rif 
Savannah, Georgia; Charleston, South Carolina; and Wilmington, North Carol 


See chart figure 31. 
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Figure 47. Hourly precipitation in three cyclones with diameters between 200 and 400 miles 
which ceased to advance on moving inland. This chart shows the hourly precipitation as 
distributed (Greatest precipitation intensity bracketed) in cyclones which can not be classed 
s traveling cyclones, The distribution of precipitation in this class of cyclones is, materially 
different from that m a traveling cyclone. There is as much or more precipitation in the 
rear of the cyclone which ceases to advance as in the front while in the traveling cyclon 
heavy precipitation occurs in the right front quadrant and there is very little precipitation i 
the rear half of the cyclone. 

K.—Stations in the Georgia coast cyclone, August 26-28, 1911, left to right, Savannah 
Georgia; Charleston, South Carolina; and Wilmington, North Carolina. See chart figure 7. 

L.—Stations in the middle Gulf coast cyclone, July 5-7, 1916, left to right, New Orleans 
Louisiana; Mobile, Alabama; and Pensacola, Florida. See chart figure 30. 

M.—Stations in the South Carolina coast cyclone, July 12-16, 1916, left to right, Savannal 
Geargia,; Charleston, South Carolina, and Wilmington, North Carolina. See chart figure 31. 
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MoveMeEnt or Croups IN Six or THE Larcer TRAVELING 
CYCLONES 


The directions of the lower and upper clouds in six of the 
larger traveling cyclones are charted in Figure 48. The lower 
clouds over the right rear quadrant move in the same general 
direction as the surface winds, in the line of advance of the 
cyclonic center. In front of the cyclone the lower clouds are 
inclined more to the right than the surface winds. In the left 
rear quadrant the lower clouds move mainly with the surface 
winds. 

A striking feature in connection with these larger traveling 
cyclones is that the upper clouds (cirrus types) both in ne 
front and the rear of the cyclones have in the main the same 
general direction as that in which the cyclones traveled. The r@ 
were 68 observations of cirrus clouds recorded in connection with 
the six larger cyclones; 50 of these cirrus observations were in 
the front half and 18 in the rear half of the cyclonic area; 57 
had directions with slightly varying inclinations mainly the 
same as that in which the cyclones were traveling, leaving only 
11 observations of cirrus with directions not in accord with that 
of the cyclonic progression. 

There were four observations of cirrus in the right front 
quadrant, three in the right rear quadrant and one in the left 
rear quadrant which have directions to the right across the line 
along which the cyclone was advancing, and these directions 
are the prevailing directions of the cirrus for these latitudes. 
In the left front quadrant there are three observations of cirrus 
moving off to the left across the line followed by the cycloni¢ 
center. There is generally little cloudiness in the left rear 
quadrant of the cyclonic area and it is interesting to note that 
there have been only two observations of cirrus recorded in that 
part of the cyclonic area in these cyclones. No radial outflow 
of cirrus appears in the records of these cyclones. 

The intermediate clouds (the “alto-” types) recorded in the 
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ix larger cyclones are combined on one chart on Figure 49. The 
louds of this class recorded in front of these cyclones, with few 
xceptions, are inclined away from the cyclonic center. In the 
ight rear quadrant, the intermediate clouds move forward in 
he same general direction as that in which the cyclone traveled. 
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Figure 49. Directions of winds above the earth’s surface in the middle regions 
is shown by the alto-cumulus and alto-stratus clouds in cyclones from observations 
t stitions in six of the larger traveling tropical cyclones, combined: September 5-10, 
900; September 17-21, 1909; August 15-22, 1915; September 27-30, 1915; September 


3-15, 1919; and October 23-27, 1921. 
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Croup MoveMENTS IN Six oF THE SMALLER TRAVELING 
CYCLONES 


The directions of the lower and upper clouds recorded in the 
six traveling cyclones with a diameter between 200 and 450 
miles are combined on one chart in Figure 50. The directions of 
the lower clouds in the front of the cyclonic area show less in-= 
clination towards the center than the surface winds, in fact, 
there is no incurvature towards the cyclonic center apparent in 
the cloud directions in the region of these clouds. The upper 
(cirrus type) clouds in the front of these cyclones are generall 
across the line of advance but are somewhat inclined in the 
direction in which the cyclonic center is advancing. The cirrus 
recorded in the rear of these cyclones generally have directions 
which carry them across the line along which the cyclonic area 
is advancing, some directly across, some inclined backward and 
some forward. The cirrus clouds observed in the cyclones having 
a diameter less than 450 miles generally have the west to east 
direction which prevails at the cirrus level in these latitudes and 
they do not appear to have any relation to this cyclonic circula- 
tion unless in the front they have a tendency towards the direc- 
tion in which the cyclone is traveling. It would appear that the 
circulation in cyclones of this class is mainly below the cirrus 
level. In considering all the upper cloud directions in the thir- 
teen traveling cyclones individually and collectively there is 
nothiryz to indicate that there is an outflow of cirrus clouds 
radiating from the center in all directions. 
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Figure 50. Directions of winds above the earth’s surface in cyclones as shown by 
observations at stations in seven of the smaller traveling cyclones combined: Sep: 
tember 24-29, 1906; October 17-19, 1906; October 10-12, 1909; September 3-5, 1915 
September 27-29, 1917; August 5-6, 1918; and June 19-30, 1921. Solid arrows shoy 
directions of lower clouds and broken arrows the directions of upper clouds, th 


cirrus types, 


The directions of the lower clouds in the three cyclones which 
ceased to advance after moving inland are mainly with the 
surface winds. The cirrus clouds in these cyclones have direc- 
tions which are generally opposed to the line of advance of the 
-eyclonic area, as they show an inclination towards the rear of 
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Citoup MoveMENTS IN CycLoneEs WHICH CEASED To ADVANCE 

the cyclone in most cases. See figures 7, 30, and 31. 
4 
q 
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XXVII 
CLoupD OBSERVATIONS 


The preceding discussion covers 25 years’ records and it will 
»e many years before any great amount of additional data in 
rropical cyclones can be added. The cloud observations recorded 
n these charts represent the work of something like 100 ob- 
servers of the Weather Bureau. The manner in which the cloud 
lirections, made at the different stations in different cyclones, 
fall in together on the combined charts shows how carefully 
and correctly the observers have recorded the directions of the 
slouds, and this stands as a high testimonial to the care and ac- 
curacy of the observers of the Weather Bureau who have made 
these observations during the cyclones of the last 25 years. 

The directions of cirrus clouds are usually the most difficult 
to obtain with accuracy and a few irregularities may possibly 
oe accounted for by this fact. However, cirrus clouds being 
nearly always observed in advance of hurricanes and generally 
sonsidered as evidence of the movement of cyclones, greater vigi- 
lance is exercised by observers and a high degree of accuracy 
in such cloud records is to be expected. I am convinced that 
future charts of cloud movements in cyclones will confirm the 
records made during the period covered by this study. 
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TEMPERATURE IN CYCLONES 


The temperatures as shown by the thermograph records at 
important positions in the cyclonic area are given for the large 
traveling cyclones on Figure 51; for the smaller traveling 
cyclones, on Figure 52; for the smaller cyclones which did not 
advance on moving inland, on Figure 53. These show the tem- 
perature oscillations and changes from the front to the rear 
of the cyclone at varying distances from the cyclonic center.’ 
The changes in the temperature during the passage of these 
cyclones appear to result mainly from dense cloudiness which 
retards insolation. No polar front is indicated by the tempera- 
ture records, 
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Figure 51. Temperatures at one to three stations, in various parts of the cyclonic 
area, during the passage of each of the six larger traveling tropical cyclones. 

‘fhe X indicates the time the station passed from the front into the rear half of 
the cyclonic area. 

These were all traveling cyclones. 
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Figure 52. Temperatures at one or two stations, in various parts of the cycloni¢ 
area, during the passage of each of four smaller traveling tropical cyclones. . 

The X indicates the time the station passed from the front into the rear half of 
the cyclonic area, 
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Figure 53. Temperatures at one to two stations, in various parts of the cyclonic 
area, during the passage of each of the three smaller cyclones which ceased to advance 
after moving inland. 

The X indicates the time the station passed from the front into the rear half of 
the cyclonic area. 


SECTION FOUR 


SUMMARY AND CoNCLUSIONS 


From a careful study of all the available records charted in 
their exact relation to the position and direction of movement 
of the center at the time, in the fourteen cyclones for which ‘there 
are complete data, we find that the wind directions and the 
distribution of precipitation in the traveling cyclones sum- 
marized in the following conclusions differ materially from the 
published charts illustrating the spiral inward movement of 
winds and the distribution of precipitation in cyclones, which 
heretofore have been based on synoptic charts of widely scat- 
tered observations. 

It is a general maxim of physical science that the same cause 
will always produce the same effect. We have found in studying 
the charted data certain well defined conditions repeatedly oc- 
curring in the same portion of different cyclones with similar 
progressive movement, in different years and in different locali- 
ties. Some definite forces acting in the line of advance and 
within the cyclonic area itself cause these well defined conditions 
of wind and precipitation to occur in the same portion of all 
traveling cyclones whether over land or water. 


PRESSURE 


1. The pressure distribution and the shapes of isobars in 
three of the largest tropical cyclones where we have exception- 
ally complete records of the pressure during the passage of the 
cyclone show that the isobars in these cyclones are nearly circular 
from the center outward to 29.4 inches, inclusive. Outside the 
29.4 inch line the isobars show a crowding on one side and a 
spreading on the other side; and this crowding and spreading 
shift positions as the cyclone changes direction of travel. 

2. While advancing in a westerly direction, these cyclones 
show a crowding of the isobars in the right side, and the spread- 
ing out in the form of a bulge in the left rear quadrant; while 
curving the crowding of the isobars shifts across the front of 
the cyclone; after the recurve when the cyclones are advancing 

207 


208 TROPICAL CYCLONES 


in a northeasterly direction there is a crowding of the isobars 
on the left side and a spreading out forming a bulge in the right 
rear quadrant. The crowding and bulging shift gradually during 
the recurve and these are probably the result of the forces which 
determine the direction of movement of the cyclone. 

The cyclones curve as they pass inland and move across the 
United States in a northerly or northeasterly direction, except 
where important neighboring high pressure areas are a factor in 
determining the direction of movement of the cyclone, and the 
cyclones where such high pressure exists generally travel east- 
ward under and in front of the high pressure areas, but in some 
instances the cyclones are carried to the westward. 

The barometric gradients, in the cyclones where we have com- 
plete records near the center, average .02 of an inch per mile 
from the center outward over a distance of 60 miles. The steep- 
est barometric gradients are not found in the immediate vicinity 
of the cyclonic center but are 15 to 40 miles from the center. 

In four instances where the cyclonic center passed directly 
over the observing station observations show in the central pax 
of the cyclone an area of 8 to 12 miles in diameter where there 
was a calm or little wind and in which there was no change ir 
the pressure for a period of about half an hour. However, there 
is not a single instance of record in any of these sixteen cyclones 
to indicate the semblence of an “eye of the storm,” as an areg 
with little or no cloudiness. 

*3. The filling up of the cyclones commenced at the centei 
with the isobars immediately around the center disappearing 
and the diameters of the remaining isobars gradually diminish- 
ing as the cyclones decreased in intensity. 


WINDS IN CYCLONES 


4. The wind directions in the traveling cyclones do not show 
a uniform spiral inward movement around the cyclonic center 
A study of the individual traveling cyclones shows that there 
is a systematic difference in the inclination of the winds toward; 
the center in the different quadrants. 

The winds in the right rear quadrant in all of the elever 
traveling cyclones blow in the same general direction as that 
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in which the cyclonic center is traveling and continue to do so 
during the life of the cyclones. These winds in the right rear 
quadrant of the cyclone blowing continuously in the line of ad- 
vance of the cyclonic center form an important systematic and 
continuous air stream in that part of the cyclonic area. The 
winds forming this air stream move forward through the right 
rear quadrant with velocities of 40 to 100 miles per hour or 
more, and come into convergence with the winds in the right 
front quadrant, in the neighborhood of the line dividing the 
cyclone into front and rear halves. This convergence will be 
discussed more fully under the distribution and causes of pre- 
cipitation. 

The winds in the right front quadrant of the traveling cyclones 
show considerable uniformity as regards the several cyclones; 
there are variable inclinations towards the center and within 100 
miles of the center the winds move almost directly across the 
projected line along which the center is advancing. There is 
greater variability of wind direction in the front of cyclones 
which have a decided curve in their path than in those with a 
straighter path; this variability appears to result from the in- 
fluences of neighboring high pressure areas which also determine 
to some extent the curve of the path and the directions of move- 
ment of the cyclone. The winds after crossing the line of ad- 
vance into the left front quadrant move around the cyclonic 
center and through the left rear quadrant where they take up 
a course nearly across the line of advance; and after crossing 
the line along which the center is advancing they curve some- 
what sharply into and merge with the winds of the right rear 
quadrant. 

From personal contacts with tropical cyclones we have ob- 
served that the winds in the right front quadrant differ in their 
movements and actions from the winds in the other quadrants; 
in the right front quadrant the winds blow intermittently in 
sudden, narrow, and powerful gusts, lasting but a few seconds. 
The sudden gusts are from varying directions, causing the wind- 
vane to oscillate rapidly and sharply, and they have a much 
greater velocity than the greatest single mile velocity. These 
sudden gusts appear to have an ascending or lifting action. In 
the larger cyclones the gusts are noticeable when the cyclonic 
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center is 100 to 150 miles distant and in the smaller cyclo 
when the cyclonic center is 50 to 100 miles distant. 

Charts of the winds in the cyclones which traveled across 
in the neighborhood of the Florida Straits show that in tl 
latitude and over water areas the winds have the same gene 
directions as related to the cyclonic center as are found 
cyclones moving in on the Gulf Coast farther north. 

The storm tides recorded on the coast of the Gulf and Sor 
Atlantic States preceding and accompanying the trop? 
cyclones have occurred without exception in the same posit 
as related to the cyclonic center (2), rising in the front and 
the right of the line of advance of the cyclonic center. The: 
in the tide commences regularly on the Gulf coast soon af 
the cyclones enter the Gulf of Mexico. The occurrence of — 
storm tides in this manner furnishes conclusive proof that 
winds in the right rear quadrant of the cyclonic area are in ° 
same general direction as that in which the cyclone is advane 
when the cyclone enters the Gulf of Mexico. The action of 
storm tides indicates that a circulation in cyclones similar 
that found to exist in latitudes 25° to 30° extends southward 
latitude 20°. 

Investigations of cyclones in the Caribbean region show tl 
the circulation of winds is generally the same in the tropi 
cyclones while traveling through that region as that found 
the cyclones while traveling through the Gulf and South Atlar 
regions. Maxwell Hall (40) in referring to the incurvature 
winds in tropical cyclones at Jamaica says, “But in most tropi 
hurricanes the incurvature is least in front and greatest in rea 
Hall was a first-hand investigator on the ground in the trop 
and his conclusions regarding wind directions in cyclones 
the Caribbean Sea are similar to what we find in the travel 
cyclones in the Gulf and South Atlantic regions. 

The wind velocities are much greater in the right half tk 
in the left half of the cyclonic area, and the greatest sustair 
wind velocities occur as a rule in the right rear quadrant. 
the larger cyclones the greatest wind velocities are found abx 
fifty miles to the rear and about the same distance to the ri; 
of the line of advance of the cyclonic center. In the smal 
cyclones the greatest velocities are nearer the cyclonic cen 
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mut the greatest sustained velocities are in the right rear 
juadrant. 

Wind velocities appear to diminish more rapidly at stations 
passing out through the rear of the cyclone on or only a short 
listance to the right of the line along which the center is ad- 
yancing than at stations at a greater distance to the right of 
hat line. New Orleans, La., September 20, 1909; Key West, 
Mla.,, October 11-12, 1909; New Orleans, La., September ‘29, 
915; and Tampa, Fla., October 23, 1921; passed out through 
he rear of the cyclone, a short distance in-each case, to the right 
yf the line along which the center was advancing at the time and 
he wind velocities at these stations decreased much more rapidly 
han at stations farther to the right of the line of advance and 
it a greater distance from the center. These stations were dur- 
ng this time in the region where the winds of the left rear 
juadrant curve into and merge with the winds of the right rear 
yuadrant. 

Upper air observations of the wind directions over cyclonic 
reas are not available except that the cloud directions observed 
luring the passage of cyclones show the wind directions at the 
alevations of the clouds which are visible. The directions in 
which the lower clouds and the cirrus clouds moved in the 
syclones during the last 25 years, give valuable information in 
this connection. In the front and the rear of the large traveling 
syclones the cirrus clouds, with few exceptions, travel forward 
m the same general direction as that in which the cyclone is 
advancing. 2 

The lower clouds in the front half of the cyclone, from which 
rain is falling, generally not more than half a mile above the 
sarth’s surface, are inclined more to the right than the surface 
winds. In the left rear quadrant the lower clouds move mainly 
with the surface winds. In the right rear quadrant of all the 
large cyclones the lower clouds, the middle clouds, and the 
sirrus clouds have the same general direction as the surface 
winds and move in the same direction as that in which the 
syclone is traveling. This is an important fact to bear in mind 
in the study of this subject, because this shows the depth of 
the air stream in the right rear quadrant of the cyclone. 

The wind directions in traveling cyclones at the earth’s surface 
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as charted in this study show that Ferrel, nearly fifty years a 
in his theory, ‘““Resultants of Cyclonic and Progressive Motic 
(4), as applied by him to the winds in the cyclone while mov: 
through the trade winds, had a very clear conception of 1 
winds as they actually blow in traveling cyclones. 

The greatest deviation from Ferrel’s theory is found in 1 
right rear quadrant of the cyclonic area where the charted fa 
show that in that part of the cyclonic area the winds form 
air stream which moves forward with velocities of 40 to ] 
miles per hour during the life of the cyclone, moving contir 
ously in the same general direction as that in which the cycic 
travels, 


INFLUENCE oF Arn CURRENTS IN WHICH THE CYCLONE TRAV! 


5. It is of primary importance that the causes for the var 
tions in the angles of inclination of the wind directions fou 
to exist in the different quadrants of the cyclonic area be ec 
sidered in drawing conclusions. 

First-hand investigators, working on the ground, do not fi 
the trade winds prevailing from the northeast over the W 
Indies and the Caribbean Sea as is usually implied in meteo 
logical text books. Notwithstanding Ferrel (4) more than 
third of a century ago called attention to the fact that the trac 
do not prevail from the northeast in all regions in which th 
are supposed to blow, and stated that the prevailing winds ov 
the West Indies and the Caribbean Sea are from the east, a 
later observed facts assembled by able meteorologists and pt 
lished show that the prevailing directions based on observatic 
at fixed stations are from east to southeast, some meteorologi 
writers still present the view that northeast winds prevail ov 
these regions during the greater part of the year. It appe 
that, especially during the summer months, easterly trades wot 
be a more correct designation for the steady winds of that regi 
in the Atlantic Ocean between latitudes 10° and 25° north. 

Fassig (385) says: “The prevailing direction of the wir 
throughout the year in Porto Rico is between east and sow 
east.” The prevailing direction is from the east during Jw 
July, and August, an equal number of times from the east a 
southeast in September, and from the southeast in Octob 
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For a period of 12 years the prevailing wind was not from the 
10rtheast in a single month during the hurricane season. On 
he contrary, as the hurricane season advanced the wind direc- 
ion shifted farther away from the northeast towards the south- 
ast. 

Maxwell Hall (40) in speaking of the trade winds says: 


“But over the Caribbean Sea there is a constant drift 
which blows over Jamaica from the east-southeast during 
the hurricane months of August, September, and October; 
and although on the Plains it is subject to the irregularity 
of the land and sea breezes, yet at higher elevations it is 
much more regular; and for the general reduction of ob- 
servations it was assumed that the constant drift flows at 
the rate of 8 miles per hour.” 


The direction of the winds over the Caribbean Sea as shown 
ibove is an important factor in determining the courses followed 
yy tropical cyclones moving through those regions. The air 
urrent in which the cyclone travels and which determines the 
lirection of progression is found in the prevailing winds at the 
surface and for some distance above in the regions through 
vhich the cyclone is traveling. These are, first the trade winds 
n the Caribbean Sea mostly from the east to southeast, and 
hen in the Gulf region the summer monsoonal winds, a con- 
inuation of the trade winds coming in on the coast from the 
outheast and south, and these finally shifting by way of south- 
west into the winds of the middle latitudes moving from west 
owards the east. This air current not only varies from month 
© month but may vary in the same month. The air currents a 
nile or more above the earth’s surface in the region of the rain 
‘louds largely determine the direction towards which the cyclonic 
irea advances. 

The trade winds have an average velocity over Porto Rico, 10 
© 12 miles per hour from east to southeast (35), and 8 miles 
yer hour over Jamaica, (40), from the east-southeast, during 
he hurricane season; the summer monsoonal winds, a con- 
inuation of the trades, come in on the Texas Coast with a 
relocity of 10 to 16 miles per hour from the southeast to south. 
Syclones while in these regions move forward generally with the 
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velocity of these winds and travel in the direction in which ths 
winds blow, which is usually sufficient evidence to sustain t 
opinion that these winds carry the cyclones forward. Cyelo1 
move slowly while curving to the eastward; this occurs wh 
the south winds merge with the southwest and west winds a 
the front of the cyclonic area comes under the influence of 1 
westerly winds of the middle latitudes. After the cyclone eur 
it travels in an easterly direction; the direction and rate of ¢ 
vance is determined by the direction and velocity at sol 
distance above the earth’s surface, of the winds of the mid 
latitudes. Doberck (9) in his studies of “Storms of the Haste 
Seas,” and Aleue (10) in “Cyclones of the Far Kast,” reach 
conclusions that the prevailing winds of the region carry 1 
cyclones forward. Hildebrandsson (36) says that the great ¢ 
rents of the atmosphere are indicated by the movements of 1 
cyclones and anticyclones and by the mean direction of 1 
clouds. 

The trade winds merging with the monsoonal winds over 1 
Gulf region, and the monsoon merging with the winds of 1 
middle latitudes (4), form an almost continuous air curr 
with a curve similar to the parabola, and the same curve as tl 
generally followed by tropical cyclones. The prevailing wir 
at Porto Rico show a shifting from eastward to the southeast 
September, and the prevailing wind for October is from 1 
southeast, and at Jamaica, the prevailing wind is east-sow 
east, important facts to bear in mind in the study of this subje 

During the months of June, July, and August, while the p 
vailing winds at Porto Rico are from the east, about 70% 
the tropical cyclones observed in the Leeward Islands and 1 
Caribbean Sea have moved well westward into the Gulf 
Mexico before recurving. During September, when the p 
vailing winds are half of the time from the east and half 
the time from the southeast, about 50% of the cyclones « 
served in the above mentioned regions moved well westward i 
the Gulf of Mexico before recurving. During October, wh 
the prevailing winds at Porto Rico are southeast and the wit 
are from the south one-fourth of the time, only 25% of 1 
cyclones observed in the Leeward Islands and the Caribbe 
Sea have moved west of Long. 85° before recurving. The p 
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yailmg winds in Jamaica during the hurricane season do not 

yary greatly from those in Porto Rico and it is interesting to 

10te how closely the changes in the paths followed by the tropical 

yclones observed in the Leeward Islands and the Caribbean 

sea follow the changes in the prevailing wind directions in these 
egions as the season advances. 

When a cyclone appears in the Caribbean Sea at a time when 
he prevailing winds in that region are from the southeast the 
yyclone is carried more northward than when the winds are 
rom the east and the cyclone comes under the influence of 
he westerly winds of the middle latitudes without being carried 
1s far to the westward as is the case when east winds prevail, 
rence the cyclone recurves farther to the eastward when the 
outheast winds prevail than when the east winds prevail. The 
shifting of the prevailing winds in the Caribbean region from 
ast to southeast as the hurricane season advances accounts 
or the fact that the mean paths of tropical cyclones show a 
yrogression to the eastward as the season advances. 

The direction of movement of cirrus clouds over a wide area 
ndicates the direction of movement of the general air current 
it their level. In the front and in the rear of the larger cyclones 
he cirrus clouds moved mainly forward in the same general 
lirection as that in which the cyclone was traveling. This is 
hhown by the charted directions of the clouds for six of the 
arger cyclones. The directions of cirrus clouds as recorded 
ndicates that the general air currents in which the larger 
clones are traveling extend up to the level of these clouds and 
hat these air currents carry the cyclones forward. Cirrus cloud 
lirections observed in connection with the larger cyclones indi- 
‘ate that the depth of the air currents which carry the larger 
yelones forward is at least five miles, while the width of the 
ir current, as indicated by the width of the area covered by 
he cirrus belt, is at times more than 1000 miles. 

In the smaller cyclones, those with a diameter less than 450 
niles, the cirrus clouds both in the front and the rear of the 
yelone frequently have a direction which carries them from 
eft to right somewhat across the line of advance of the cyclone. 
In the front of the cyclone the cirrus are deflected to some 
xtent in the line of advance of the cyclone but in the rear they 
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move mainly from left to right across the line of advanc 
‘This indicates that the air currents in which the smaller cyclon 
travel are not so deep and that in the cirrus stratum the pr 
vailing west to east upper current in this region is not material 
disturbed, except to some extent in the front of the small 
cyclones, but moves on over the air currents in which the 
smaller cyclones are traveling. 

The depth of the prevailing air current in which the cyclon 
travels is shown by the depth of the monsoonal winds as f 
north as Groesbeck, Texas, and Broken Arrow, Okla., (24) whe 
they often prevail in the summer months to a height of mo 
than two miles. The trade winds over the Caribbean Sea ar 
their continuation as the summer monsoon curving to the nort 
ward and eastward over the Gulf of Mexico are frequently — 
much greater depth than two miles, as indicated by the eirr 
clouds moving forward in the line of advance of the larg 
cyclones. 

The courses followed by tropical cyclones are governed main 
by air currents in the cloud regions, and therefore the pos 
tions of high pressure areas sending out their anticyclonic cire 
lation may materially influence the winds in_neighborit 
cyclones and the direction in which the cyclone advances. 
this connection reference is made to Prof. Marvin’s discussic 
of steady motions of the winds within and between high and lc 
’ pressure areas, where he shows the relation of winds to 1 
eradients. (12). 

Sometimes high pressure areas augment the air current 
which the cyclone is traveling and on the other hand, they m: 
directly oppose and overcome this air current; in the latter ca 
the cyclone ceases to advance and gradually fills up. The a 
normal movement of the upper air currents in determining t! 
direction of movement of hurricanes is shown in the unusu 
course followed by the tropical cyclone of September, 1919, (3' 
which has been carefully studied by Weightman. 

6. The wind directions at the earth’s surface, the directio: 
of the lower clouds, and. the directions of the “alto-” clouds, gi 
us definite information concerning what is taking place in t! 
regions within two miles above the earth’s surface. The cirr 
clouds show the direction of the air currents at their level ar 
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rom the recorded directions of the lower clouds we can by 
nference draw deductions concerning what takes place in the 
yclonic area up to the cirrus level. 

The cirrus clouds recorded in all of the cyclones show that 
here is no outflow of the air radiating in all directions from the 
ipper part of the cyclonic area as would be required to satisfy 
he dumb-bell vortex theory. On the contrary the movements 
f cirrus clouds show that the air at their level moves on over 
he top of the cyclonic circulation in the larger cyclones with the 
ame general direction as that in which the cyclonic area is 
raveling; this indicates that the air current in which the larger 
yclone travels extends into the cirrus level. 

The air current in which the smaller cyclone travels does not | 
lways extend up into the cirrus level; this is evidenced by the 
act that cirrus clouds recorded during some of the smaller 
yclones followed to a great extent their prevailing directions 
or the latitudes where observed and moved from left to right 
ver the cyclonic area across the line along which the cyclone 
vas advancing. In other smaller cyclones the cirrus in front of 
he cyclone showed some inclination in the same general direc- 
ion as that in which the cyclone was advancing, but in the rear 
f these cyclones the cirrus have not been recorded with the 
ame direction as that in which the cyclone was traveling but 
noved across the rear following the prevailing direction of the 
irrus for the localities where observed. In; cyclones which 
eased to advance the directions of the cirrus clouds, at times, 
vere opposed to the direction in which the cyclone was ad- 
rancing. 

It appears that the air currents in which some of the smaller 
yelones traveled did not have sufficient depth to influence the 
lirections of cirrus clouds either in the front or rear while in 
thers it affected the cirrus in the front of the cyclone, but not 
nitsrear. The air which ascends, after the water vapor is con- 
erted into precipitation, is carried away in the prevailing upper 
ir current, to settle down to earth again in some distant region. 

Dr. Doberck (9) in his studies of the “Storms in the Eastern 
seas” reached the conclusion that “less than half a mile up in 
he air the incurvature of the winds towards the center dis- 
ippears in the average of the different quadrants but it still 
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blows in towards the center in the rear.” We find the actu 
conditions prevailing above the earth’s surface somewhat diffe 
ent from this conclusion reached by Dr. Doberck. In our stuc 
the directions of the lower clouds show that there is no sy 
tematic incurvature of the winds in the front of the cyclon 
area at their level. The records we have, the most comple 
available, of the direction of the alto-cumulus and alto-strat 
clouds show that the wind directions at their level in the fro! 
of the cyclone are generally inclined slightly outward from tl 
center instead of being inclined towards the center of the cyclon 
area. In the right rear quadrant we find the winds at all elev: 
tions moving mainly in the same general direction as that | 
which the cyclone is traveling instead of blowing in towar 
the center. 

While the tendency to spiral incurvature around the cent 
is present the recorded facts show that this is materially mod 
fied in traveling cyclones. The recorded facts when proper 
charted show that the winds in traveling cyclones do not at ar 
elevation have a spiral inward circulation around the cyclon 
center with uniform incurvature towards the center such | 
usually has been represented, notwithstanding symmetry of is 
bars exists for a considerable distance from the center of tl 
cyclone. 

The wind directions, at the earth’s surface, as related to tl 
center and direction of movement of the cyclone, result fro 
a combination (a) of the forces (modified by resistance e1 
countered) acting on the inflow of air towards the cyclon 
center, with (b) the air current in which the cyclone is travelin 
The combination of translation with rotation tends to bring tl 
winds in the right rear quadrant into and keep them in tl 
same general direction as that in which the cyclone itself 
traveling; in the right front quadrant the inclination of tl 
winds towards the center is diminished and the directions acro 
the radius are more nearly at right angles; in the left half | 
the cyclone the winds come around the center with increasir 
inclination towards the center as they pass through the rear ar 
curve into and take up the direction of the winds of the rig] 
rear quadrant. 

A striking feature of the larger traveling cyclones is that ov 
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he right rear quadrant the winds at all elevations up to and 
wgely including the cirrus level move forward in the same gen- 
ral direction as that in which the cyclone is traveling; this is 
hown on charts Figures 42, 48, and 49, by the directions of 
he winds at the earth’s surface, the directions of the lower 
louds, the intermediate clouds, and as a rule, the upper clouds 
ver this quadrant. The momentum of the air current in which 
he cyclone is traveling combines with and augments the velocity 
f the winds in the right rear quadrant of the cyclone, and causes 
he sustained high velocities uniformly recorded in that part 
f the cyclonic area. 


DISTRIBUTION AND CAUSES OF PRECIPITATION 


7. Precipitation as it is occurring in traveling cyclones is not 
istributed around the cyclonic center as the rainfall shown 
long the path of the center after the passage of the cyclone 
sight indicate, and as it is generally represented in contem- 
orary works on meteorology. We find that very little precipi- 
ation occurs in the rear half of the traveling cyclones. The 
reatest precipitation intensity in the larger cyclones is found 
0 to 80 miles in front of the cyclonic center and mostly to the 
ight of the line along which the center was advancing at the 
me of its occurrence. In the smaller cyclones the greatest 
recipitation intensity is found not so far in advance of the 
enter as in the larger cyclones, but it is also in front of the 
enter and to the right of the line along which the center was 
dvancing. The precipitation distribution in cyclones moving 
arough the Florida Straits is the same as in the cyclones that 
caveled from the Gulf into the interior. In all of the traveling 
yclones the precipitation almost ceased with the occurrence 
f the lowest barometer and very little precipitation occurred in 
ny part of the rear of the cyclonic area, whether traveling over 
rater through the Florida Straits or moving inland on _ the 
ulf Coast. 

In the three cyclones which ceased to advance, on moving 
vland, the greatest hourly precipitation which had first occurred 
1 the right front quadrant while the cyclone was advancing 
hifted to the rear of the cyclone as it stopped traveling and the 
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precipitation does not show systematic distribution such as 
found in the traveling cyclones. 

8. The causes for the precipitation occurring mainly in t 
front half and very little in the rear half of traveling cyclon 
can not be explained as the results of the position of adjace 
land and water areas. In all three of the cyclones which mov 
through the Florida Straits and across the Florida Peninsu 
where the winds in all quadrants were almost continuously co1 
ing off of large bodies of water, we find the same general d 
tribution of precipitation as related to the cyclonic center 
we find in the other traveling cyclones moving over land are: 
Furthermore, in cyclones which ceased to advance the precij 
tation occurred in all parts of the cyclonic area and mostly 
the rear half, notwithstanding all three of these cyclones 
cupied positions with regard to land and water areas the sar 
as that occupied by traveling cyclones in which the precipit 
tion was confined mostly to the right front quadrant and 
which there was no precipitation of consequence in the rear h; 
of the cyclonic area. The position of the land and water are 
as related to the direction in which the cyclone is traveli 
accounts for the intensity of precipitation in the cyclone, b 
not for the distribution of the precipitation over the cyclor 
area. 

The temperatures in the different parts of tropical cyclon 
traveling through this region do not vary greatly, as shown 
Figures 51, 52, and 53. These show that we must look elsewhe 
than to surface temperature differences for the causes and d 
tribution of precipitation in tropical cyclones. 

The mechanical and physical processes in these cyclones 
shown by wind directions and their convergence and resulta 
ascension of air masses within the cyclonic area will accou 
for the precipitation and its distribution and also for the greate 
precipitation intensity occurring in the same position as relat 
to the cyclonic center in all traveling cyclones. 

9. We have already shown that the winds in the right re 
quadrant of the cyclone blow, with high velocities continuous 
during the life of the cyclone, in the same general direction 
that in which the cyclone advances. The winds in this quadra 
certainly play an important part in the causes and distributi 
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‘ precipitation in cyclones, and are the sources through which 
1e precipitation is supplied and from which the supply of 
1ergy in the cyclone is derived. In the larger cyclones these 
inds constitute air streams at least five miles in depth, 250 to 
)0 miles in width, and 400 to 800 miles in length, extending 
. the line of advance of the cyclonic area. In this connection 
ference is made to Figure 42 where the air stream is repre- 
nted by combining four of the larger traveling cyclones. The 
ngth of the air stream shown in this figure is 400 miles and it 
<tends back some 400 miles additional as part of the air current 
| which the cyclone is traveling. 

While the cyclonic area is traveling with a speed of 8 to 16 
les per hour the winds of the right rear quadrant of the 
clonic area come into the right front quadrant with sustained 
elocities near the earth’s surface (extending for some distance 
. the rear of the center) of 80 to 100 miles per hour and veloci- 
es of 30 to 40 miles often prevail for a distance of more than 
)O miles in the rear of the cyclonic center. These winds of 
igh velocity in the right rear quadrant come into convergence 
ith the winds in the right front quadrant as previously de- 
ribed. As a result of this convergence the moist air moving 
ver the surface in the winds coming through the right rear 
uadrant of the cyclone is forced to ascend in the right front 
uadranit of the cyclonic area and as it ascends is carried forward 
y its own momentum towards the front of the cyclone. 

Shaw (1) in discussing the physical processes of weather 
fers to the momentum of air streams and says: . 


“Tt suggests that the great streams of air, sometimes as 
much as 1000 miles broad, are from their own momentum, 
features of greater importance from the dynamic point of 
view than the positions of high and low pressure.” 


The momentum which the air streams in the right rear quad- 
int of the cyclonic area receive from the high velocities pre- 
ailing over a long stretch in that part of the cyclonic area, 
4uses them, when they come into convergence with winds in 
1e right front quadrant, to ascend through and mix with the 
‘inds which blow across the front of the cyclonic area. On 
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account of its momentum, this air stream from the rear cc 
‘tinues to move forward after convergence more rapidly than t 
cyclone is traveling, and it ascends and moves on at increasi 
elevation in the right front quadrant of the cyclonic area. T! 
air stream, nearly saturated with moisture, expands and co 
dynamically as it ascends, and this causes the condensation a 
precipitation of the water vapor and the liberation of late 
heat, in the front and to the right of the line along which t 
center of the cyclonic area is advancing. 

The latent heat released as the result of condensation reta: 
the rate of cooling of the ascending saturated air, and theref« 
causes the temperature of the ascending air mass to be high 
at the elevation where condensation is taking place, than 
would have been if cooling had taken place at the adiabatie r 
resulting from expansion not modified by the condensation 
aqueous vapor. The ascending air mass from which preci 
tation is falling therefore has a higher temperature than 1 
surrounding air at corresponding elevations and this causes 1 
ascent and rarefaction of the air mass to become more raj] 
and further intensifies the condensation of moisture, and tk 
augments and intensifies the precipitation directly under 1 
region where the air mass is ascending most rapidly. 

The region of greatest precipitation intensity is shown by 1 
hourly amounts in brackets for the larger cyclones as chart 
on Figure 43, and for the smaller cyclones as charted on Fi 
45. By comparing these with the wind directions on Figure 
for the larger cyclones and Figure 44 for the smaller eyclones 
is seen that the region of greatest precipitation intensity 
cyclones is 50 to 100 miles in front of the region where the wit 
of the right rear quadrant converge with those of the right frc 
quadrant. 

From the foregoing the causes for the precipitation as fou 
in cyclones are summed up as follows: The convergence of 1 
winds from the right rear quadrant with those of the rig 
front quadrant causes air to ascend; the momentum carries 1 
ascending air mass forward into the front of the cyclonic ai 
expanding and cooling as it reaches higher levels; the vay 
of water in the nearly saturated air mass is rapidly condens 
giving excessive precipitation in the front and in the right fre 


SUMMARY AND CONCLUSIONS 223 


1adrant of the cyclonic area as found in the eleven traveling 
‘clones studied. 


OroGRAPHIC INFLUENCES 


10. The cyclone of August 15-22, 1915, crossed the United 
ates without any high pressure areas appearing during its 
ussage to influence the precipitation in any part of the cyclone. 
‘e have in this instance a rare case where during a period of 
ve days and covering a distance of nearly 2000 miles (see 
igure 19) the precipitation in a tropical cyclone while traveling 
the middle latitudes was influenced only by the cyclonic circu- 
tion and orographic conditions. 

Those parts of Texas over which the cyclone advanced are 
irly level and the precipitation there was cyclonic. While 
e cyclone was traveling across Arkansas, in fact, from the 
me the cyclone moved out of northeastern Texas until it 
ached the central Mississippi Valley, the precipitation was 
fluenced more or less by orographic conditions, the cause and 
stribution of the precipitation being determined partly by 
e mountains in western Arkansas and partly by the cyclonic 
reulation. 

Much of the moisture carried up from the Gulf of Mexico in 
ie air stream coming up through the right rear quadrant of 
ie eyclone while it was traveling across Arkansas was precipi- 
ted under the influence of the mountains before the air stream 
ached the front of the cyclone. It is interesting to note that 
.e cyclone diminished in intensity while moving over the moun- 
ins in Arkansas and then regained intensity over the central 
fississippi Valley where torrential rains occurred again in the 
cht front quadrant of the cyclone, almost as heavy as the 
ins which fell as the cyclone moved from the Gulf of Mexico 
to Texas. 

While the cyclone was traveling over the central Mississippi 
alley there were no mountain ranges between the cyclonic 
ea and the Gulf of Mexico to elevate the air and precipitate 
e moisture which was at that time being carried from the Gulf 
Mexico by the winds of the right rear quadrant to the front 
* the cyclonic area. The moisture laden air from the Gulf 
’ Mexico was carried over the level lands of the coastal plains 
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and up the Mississippi Valley encountering no elevated ar 
on its way to the front of the cyclonic area and the great 
condensation and precipitation intensity occurred here in ~ 
front of the cyclone. The precipitation was distributed o 
the cyclonic area, while over the central Mississippi Valley, 
the same manner as when the cyclone was traveling over 
coastal plain of Texas, three days previously, and the same 
found in cyclones moving through the Florida Straits. 

The extent to which small mountain ranges outside the eycl 
coming in between the right rear quadrant of the cyclonic a 
and the sources of moisture supply influences the rainfall in » 
cyclonic area is shown in this cyclone. When the cyclone 
August 15-22, 1915, had advanced northeastward to the po 
where the air stream in the right rear quadrant of the cyclo 
coming first from the Gulf of Mexico and later from the Atlar 
Ocean, was drawn over the Appalachian Plateau region, 
find that heavy rains occurred on the windward side of — 
Appalachian Plateau and the precipitation in front fmm 
cyclonic area proper diminished steadily and proportionat 
as is shown on Map Figure 19. There was no increase in ¥ 
cipitation in the,left half of the cyclonic area as this cycl 
approached and moved over the Great Lakes. 


Wuen Cycitonss Crass To 4 WANCE 


11. The movements of the upper air currents as shown 
the clouds in cyclones which ceased to advanée are materi: 
different from those in cyclones which continued to travel | 
ward. This is especially shown in the region of the cirrus clot 
In the cyclone of August 26-28, 1911, clouds of the cirrus ¢ 
were observed at Charleston, S. C., at two levels at the se 
time, and while of somewhat different directions, both w 
opposed to the line of advance of the cyclonic center; at Sav 
nah, Ga., the cirrus clouds were at first moving forward in 
front of the cyclone in the same direction as that in which 
center of the cyclone was traveling, but about 10 hours bel 
the cyclonic center reached Savannah, the cirrus clouds shov 
a reversal of direction indicating that the air current at the 1 
of these clouds had changed direction and was directly oppc 
to the previous upper air movement at the cirrus level 
that region and also opposed to the direction in which the cyel 
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ad been advancing. The opposing current, as indicated by 
hese cloud movements, evidently extended down into the region 
f rain formation and forced the ascending mass of air from 
rhich precipitation was occurring, back over the cyclonic center. 
‘his is indicated by the fact that after the cirrus clouds showed 
direction opposed to that in which the cyclone was traveling, 
he precipitation instead of being found in the front was mostly 
n the rear of the cyclone and the cyclone ceased to advance. 

In the cyclone of July 5-6, 1916, the cirrus clouds observed 
t New Orleans, La., in the front of the cyclone were mainly 
cross the line along which the cyclonic center was advancing 
nd the first cirrus observed at Mobile were somewhat opposed 
o the line of advance. In the rear of the cyclonic area the 
irrus observed at New Orleans were somewhat across and op- 
osed to the line of advance. The precipitation occurred in 
his instance in all parts of the cyclonic area whereas in all of 
he cyclones which have traveled through this region and con- 
inued to advance the precipitation was confined mostly to the 
ront and very little occurred in the rear half of the cyclonic 
rea. The opposing current shown by the movement of cirrus 
louds which the cyclone of July 5-6, 1916, encountered in this 
egion was evidently of sufficient force to overcome the air 
urrent in which the cyclone had been traveling and extended 
own to the region of rain formation and shifted the rain area 
rom the front into the rear of the cyclone. The cyclone after 
his soon ceased to advance and died out over the interior of 
\labama. 

The cirrus clouds observed in front of the cyclone of July 
2-16, 1916, at both Savannah, Ga., and Wilmington, N. C., were 
pposed to the line of advance of the cyclone. In the rear the 
irrus at Savannah, Ga., and Charleston, S. C., were somewhat 
cross and opposed to the line of advance. In this cyclone the 
reater part of the precipitation occurred in the rear of the 
enter of the cyclone; the advance of the air current in which 
he cyclone was traveling was checked by a counter-current 
yhich caused the ascending air stream, from which rain was 
alling, to shift backward over the rear of the cyclone. The 
yclone soon ceased to advance and died out over the Carolinas. 

Professor Humphreys (11), in discussing the origin and main- 
enance of cyclones and regarding the seat of energy, says: 
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“From the above it is evident that the seat, so to spe: 
of the tropical cyclone, is where the sustaining energy 
supplied, that is, where condensation is taking pla 
Hence, the movement of the air at this level, and not at t 
surface, determines the course of the storm and even carr 
it athwart shallow surface winds.” 


In cyclones which curved to the right, the greatest hou 
precipitation intensity is found farther to the right of the li 
along which the cyclonic center was advancing at the time t 
heaviest precipitation was recorded than in cyclones which ¢ 
vanced along straight lines. The centers of the cyclones he 
all moved towards the region of the greatest hourly precipitati 
intensity. A change in the position of the greatest precipitati 
intensity indicates that the cyclone is coming under the influe1 
of an air current moving in a different direction from that wh: 
previously had been carrying the cyclone forward. When 1 
air current in which the cyclone is traveling encounters an « 
posing current in the upper air, the air stream coming up out 
the right rear quadrant of the cyclone and ascending 
the right front quadrant is carried backward over the cyclo 
center by the opposing or counter-current, the condensation a 
precipitation then takes place over any part or all parts of 1 
cyclonic area, depending on the force and direction of 1 
counter-current. The cyclonic area then drifts back and for 
the lowest pressure following the area of greatest precipitati 
intensity as shown in the three cyclones combined. 


Continuous RE-DEVELOPMENT OF THE CycLoNE Over Ar 
or Greatest PrecipIraATION INTENSITY 


12. The liberation of latent heat resulting from the ec 
densation of moisture in the ascending air mass is greatest o 
the region of greatest precipitation intensity, consequently, 
already explained, the air over the region of greatest precipi 
tion intensity ascends much more rapidly than the air outs 
where the precipitation is less. The air moves in from vari 
directions towards the depression caused by the ascending : 
the deflective force of the earth’s rotation comes into play, a 
the center of the cyclonic action is continuously renewed w 
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lew systems of rotation forming over the area of greatest pre- 
ipitation intensity. 

The area of lowest pressure at the earth’s surface, in the travel- 

ng tropical cyclone, occurs to the rear of the area over which 
he greatest condensation and precipitation takes place. There 
sno question but that the center of energy in the cyclone and 
he center of the cyclonic action is continually renewed in the 
loud strata over the region of greatest precipitation intensity 
nd the occurrence of the lowest pressure at the earth’s surface 
s to the rear of the center of action and release of energy in 
he cloud region. 
The core of the cyclone is inclined from the low barometer 
it the earth’s surface forward into the cloud region over the 
ea of greatest precipitation as is indicated by the movement 
f the area of lowest pressure at the earth’s surface towards 
he region of greatest precipitation intensity. 

Shaw (42) in discussing convection in cyclones describes the 
nanner in which rotating motion will extend downwards to the 
arth’s surface and in conclusion says: 


“Hence we may conclude that the core of a column de- 
scending to the surface will not be along a vertical line but 
to a point on the surface displaced from the vertical across 
the wind of the lower layers.” 


The fact that precipitation almost ceases with the occurrence 
f the lowest barometer, and that there is only light precipita- 
ion in the rear half of the traveling cyclones shows that there 
s very little ascending air in the region of or in the rear of the 
owest barometer at the earth’s surface. 

The energy of the cyclone is released and comes into action 
n the region of greatest condensation and precipitation intensity 
ut the air stream in the right rear quadrant of the cyclonic 
rea, which moves forward continuously in the line of advance 
yf the cyclonic area, is the real source which supplies the mate- 
ial from which the energy is produced. Through this air stream 
he traveling cyclone may draw its moisture supply from regions 
ometimes as far as 600 to 1000 miles to the rear of the cyclonic 
enter. 

When the tropical cyclone of August 15-22, 1915, was centered 
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over eastern Missouri, in extra-tropical regions, the moistu 
supply from which it produced the torrential rains which fe 
in the front and the right front quadrant to the right of t 
line along which the center was advancing, over southeaste 
Missouri, northeastern Arkansas, and central Illinois, had be 
brought up over the comparatively level lands of the Mississip 
Valley from the Gulf of Mexico 600 miles in the rear of t 
cyclonic center. The cyclone at this time was much nearer 
the Great Lakes than to the Gulf of Mexico, and notwithstan 
ing the left half of the cyclone was approaching and travel 
onward directly over the Great Lakes there was no increase 
the precipitation in the left half of the cyclonic area. 

It is a fact worthy of note that as the left half of the cyclo 
approached and moved over the Great Lakes, the precipitati 
in this half of the cyclone fell off proportionately to the decres 
in the right half. After the cyclone crossed the Mississiy 
River, the Appalachian Plateau came between the cyclonic ai 
and the Gulf of Mexico and the Atlantic Ocean and cut off 
portion of the moisture supply from the cyclonic area by p 
cipitating it on the windward side of the Plateau. Map Fig 
19 shows the extent to which the Appalachian Plateau caus 
on its windward side, the precipitation of part of the moist 

being carried from the Gulf of Mexico and the Atlantie Oce 
‘ towards the front of the cyclone by the air stream in the rig 
rear quadrant of the cyclonic area. 


ORIGIN AND DEVELOPMENT OF TROPICAL CyCLONES 


13. The records we have show that cyclones moving throtv 
the Gulf and South Atlantic regions have nearly circular isobs 
low barometer and a calm or little wind at the center, torren 
rains, and high wind velocities, the same as are found in cyclo: 
traveling through the tropical regions, and the wind directi 
in the cyclonic area are similar to those found by Hall (40) 
cyclones in the Caribbean Sea: and tentatively, until dispro 
if not true, it may be inferred that the conditions of presst 
wind, and precipitation found in these cyclones in the Gulf : 
South Atlantic regions are in the main the same as those wh 
prevail in the cyclones in the tropics. From what we find 
these cyclones we also infer that tropical cyclones do not di 
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n their development from that of extra-tropical cyclones, except 
is modified by the influences of latitude and the differences in 
he moisture in the regions where the cyclonic development takes 
lace. 

Humphreys (11), in discussing tropical hurricanes says: 


“The physical causes of these storms, if they originate 
as seems probable, in the doldrums and between the counter- 
trades or similar winds, appears to be partly thermal and 
partly mechanical, and their subsequent maintenance, after 

reaching the middle and higher latitudes, the same (largely 
mechanical) as that of any other cyclone of the same place.” 


We have in our study a series of cyclones the greater number 
which, during the last twenty-five years, have moved from 
he tropics and thence northward across the United States. 
Vhen in the tropical regions they are tropical in character, but 
n the middle latitudes they are extra-tropical, the same cyclone 
\dapting itself to the regions through which it is traveling. The 
incipal differences between these cyclones while in the tropics 
nd in the middle latitudes are differences in intensity which are 
letermined partly by latitude effect and to a greater degree by 
lifferences in the amount of water vapor supplied. Differences 
n the temperatures of the tropical regions as compared with 
hose of middle latitudes even over bodies of water accounts 
0 a great extent for the difference in the energy of cyclones in 
he two regions. 

The mean temperature in the tropics during the hurricane 
eason is about 80°, and at this temperature the air can contain 
[1 grains of vapor of water per cubic foot. The average tem- 
erature of the great storm tracks in the North Atlantic is about 
95°, and a cubic foot of air at this temperature can contain only 
) grains of water vapor. A reduction of temperature amounting 
0 25° in an ascending saturated air mass, from 80° to 55°, in 
he tropics, would precipitate'6 grains of water vapor from each 
ubic foot of air; while a 25° reduction in the temperature of 
1 saturated air mass, from 55° to 30°, in the North Atlantic, 
vould precipitate only 3 grains of water vapor from each cubic 
oot of air. With the same fall in temperature the amount of 
recipitation in the tropical region would be twice that of the 
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North Atlantic region. The difference in temperature governir 
the amount of moisture supplied in the two regions combine 
with the latitude effect accounts for the observed difference 1 
intensity of the tropical cyclone in tropical and extra-tropic: 
regions. 

The mechanical forces acting in these cyclones must nece: 
sarily be of the same nature both in the tropics and the midd. 
latitudes, but modified by latitude effect, topography, and tk 
position and intensity of high pressure areas in the neighbo: 
hood of the cyclone. 

The development of tropical cyclones, it appears, may tk 
brought about by large air currents running into the doldrum 
the convergence of counter currents on the border of the trac 
winds, or currents moving in the same direction with differer 
velocities which develop ascending air streams. The relatiy 
positions of the air currents are factors in determining the di 
velopment and progressive movement of the cyclones. The; 
air currents may be originated by differences in the therm: 
conditions of large masses of air or by an unequal distributio 

“of pressure the seat of which may be far away from the regic 
where the convergence of air streams takes place. 

Algue, (10) in his studies of “The Cyclones of the Far East 
has expressed the opinion that many of the cyclones in tk 
China Sea are originated by opposing currents. Doberck (¢ 
and others who have studied tropical cyclones on the groun 
hold the same view. 

The air currents which converge and cause the air to ascen 
may be functioning in the upper air over the doldrums or on tk 
border of the trade winds, and may not always extend to tk 
earth’s surface. Where we have the convergence of air curren 
and the resultant ascending air stream cooling as it ascends, th 
liberation of latent heat, resulting from the continuous and e: 
cessive condensation and precipitation of water vapor, ene 
getically keeps up the rarefaction of the air over the area « 
condensation and precipitation; the air moves in from vario1 
directions towards the area where convection is taking plac 
and when at a sufficient distance from the equator the deflectiy 
force of the earth’s rotation acts on this inflowing air and wv 
have the cyclonic development in action. The convergence « 
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he winds in the cyclonic area then sets in at the earth’s surface, 
s found to exist in the cyclones charted in this study. 

Once the cyclonic movement is started the air current in 
vhich the cyclone is traveling (the trade winds in the tropics) 
vill continue it in action after the primary cause has ceased to 
xist. This air current carries the newly developed cyclone 
orward; brings the winds of the right rear quadrant into the 
ine of advance of the cyclone and their convergence with the 
yinds in the right front quadrant of the cyclonic area keeps up 
he ascending air stream in which the condensation and precipi- 
ation is taking place. This ascending air stream is carried for- 
vard by momentum into the front of the cyclonic area and is 
ttended by condensation and precipitation as we have found 
1 the same cyclones in the Gulf and South Atlantic regions. 
‘he cyclone when once started is continued in action in this 
aanner by the action of the air current in which the cyclone 
3 traveling. The course which the cyclone follows is determined 
y the course and direction of the trade winds over the Carib- 
ean Sea, the summer monsoonal winds over the Gulf of 
Nexico and finally by the winds of the middle latitudes except ° 
then there are abnormal movements of the upper air currents 
rhich overcome the regular air currents and cause the cyclones 
9 follow abnormal courses or die out, as shown in the case of 
ne cyclones which ceased to advance. 

Sir Oliver Lodge (88) in referring to the energy of cyclones 
LYS: 

“T do not find that people in general are aware of an 
important source of energy for the maintenance and in- 
tensification of cyclones, nor am I acquainted with a clear 
exposition by a meteorologist that the condensation of 
aqueous vapor will suffice. 

“Atmospheric pressure being a ton per square foot, the 
disappearance or collapse of a cubic foot of ordinary air 
would yield a foot-ton of work. The disappearance, by 
complete condensation, of the aqueous vapor in 760/12.7, 
say 60, cubic feet of atmosphere would yield about the same 
amount. ; 

“Tf then, the temperature of the saturated air fell from 
18° to 12° C., by reason of condensation and rainfall, so 
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that the vapor pressure diminished from 15.36 to 10.4 
millimeters of mercury, a foot-ton would be generated 1 
each 155 cubic feet of that region of atmosphere. Inc 
dentally, the corresponding deposit of the liquid would t 
5 grams per cubic meter, or a rainfall of one-third inch fro! 
a vertical mile of air. 

“Assuming that the above fall of temperature in the cet 
tral region of a traveling cyclone is not excessive, the energ 
available in each cubic mile of it would be nearly a thousan 
million foot-tons.” 


The energy is not released in the central region of the tropic: 
cyclone as assumed by Lodge, but is released in the front an 
right front quadrant of these traveling cyclones. 

The hourly precipitation in the larger cyclones, as shown c 
Figure 43, exceeds one-third of an inch over an area 100 mil 
wide and 250 miles in length, 25,000 square miles of area exten: 
ing across the front and mostly in the right front quadrant « 
the cyclonic area. Half an inch to more than one inch fal 
in one hour over an area 50 miles wide and 150 miles lon 
7,500 square miles of area extending from the line of advance | 
the center across the cyclone in the right front quadrant. T! 
rain area is continuous while the cyclone advances, and con 
mences 100 to 125 miles in front of the lowest barometer ar 
is greatest about 80 miles in front of and 6 hours before tl 
occurrence of the lowest barometer. In front of the line 
advance of the center and for 150 miles to the right of that lin 
the total precipitation which occurs during the passage of tl 
front half of the cyclone ranges at many stations from 7 inch 
to 16 inches, or more in some cases, in 12 to 14 hours. 

From the precipitation shown in the cyclones charted, v 
get some conception of the enormous amount of energy releas 
and operating in the right front quadrant and directly in fro: 
of the traveling cyclone. There is ample energy released he 
to account for the continuous redevelopment of cyclones of tl 
greatest intensity and to account for many of the observed ph 
nomena attending such cyclones. 

The energy supplied by the condensation and precipitation 
moisture and release of latent heat in the ascending air strea 
in front of the cyclonic area does not of itself carry the cycloi 
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yrward, but does determine the pressure minimum, the steep- 
ess of the barometric gradients, and the wind velocities in the 
yclone, in short, the destructive forces of the cyclone. Further- 
ore, the position of the area of greatest precipitation intensity 
indicative of the vigor of the carrying current; the greatest 
ourly precipitation intensity is well to the front only in travel- 
1g cyclones, and cyclones moving slowly or changing direction 
10w a change in the position of the heaviest precipitation area 
yrresponding to the changes taking place in the carrying air 
wrent. Of course, precipitation is evidence of the carrying 
irrent only when the cyclone is traveling over regions free 
om mountains, 2. e., where the precipitation is cyclonic and not 
‘ographic. It appears from the evidence at hand that the 
spth and width of the air current in which the cyclone exists _ 
id which carries the cyclone forward has much to do with de- 
rmining the size and extent of the cyclone. 

We have noted that the cirrus clouds both in the front and in 
1e rear of all the larger traveling cyclones have moved forward 
ith a strong component directly in the line of advance of the 
clonic center and this shows that the air currents in which 
1e large cyclones exist extend to the level of these clouds. 
he cirrus clouds in the smaller traveling cyclones have a move- 
ent in the front somewhat in the line of advance but across 
iat line, while in the rear the direction of the cirrus is more 
rectly across the line of the advance of the cyclone. This 
ows that the current in which the cirrus clouds are observed 
tains its west to east component in this region over the smaller. 
rclones and therefore the current in which these smaller 
rclones exist does not extend into the cirrus region. In the 
rger cyclones this west to east component of the cirrus in this 
gion is changed by the greater depths of the air currents in 
hich the larger cyclones are traveling as is shown by the cirrus 
th in front and rear of the cyclone moving in the direction in 
hich the cyclone is traveling. 

The intensity of the cyclone depends on the position and 
nount of moisture supply as related to the center and direction 
‘movement of the cyclone. The distance over which a cyclone 
ll draw its moisture supply depends on the size of the cyclone 
id the length of the air stream in the right rear quadrant 
oving forward in the line of advance of the cyclone, The 
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moisture supply may be curtailed, not only by distance fr 
water areas, but when the air stream in the right rear quadra: 
which carries the moisture, is drawn up over elevated regic 
causing the precipitation of the moisture before the air reack 
the cyclonic area, or by changes in the direction of moveme 
of the cyclonic area which cause the air stream in the right re 
quadrant to come off land areas instead of off the water. 

Counter or opposing upper air currents sometimes neutral 
each other and the current in which the cyclone is being carr: 
forward fails; in such cases the area of precipitation is thro 
backward and occurs over the entire cyclonic area, then t 
cyclone gradually fills up and dies out. Or, on the other hai 
one air current completely overcomes the other, carries the : 
cending air stream, from which precipitation is occurring, 
another direction, then the cyclone re-develops and travels 
the direction determined by the stronger air current. T 
backing of cyclones and loops in paths of cyclones are caus 
by changes in the direction of the movements of the air curre 
at some distance above the earth’s surface. Air currents abé 
the earth’s surface determine the location of precipitation 
related to the cyclonic center and the resultant direction in whi 
the cyclone travels. 

The area of lowest pressure at the earth’s surface mor 
towards the locality where the precipitation intensity is m 
marked, which as previously noted is the result of the for 
which carry the cyclone forward. When the greatest precipi 
tion intensity is far in advance of the cyclonic center the cyelc 
travels with greater speed than when the greatest precipitati 
intensity is near the center. When precipitation of any con 
quence is occurring in the rear of the cyclonic center the cyel« 
travels slowly and if the greatest precipitation intensity occ’ 
in the rear of the cyclonic center the disturbance will die out 
move backward. Sometimes cyclones move off in another dir 
tion, after lingering for a few days and at times loops in 1 
paths are formed in such movement. 

In concluding this paper I desire to express appreciation 
assistance rendered by Mr. R. A. Dyke and Mr. W. F. MeDon: 
in the way of suggestions and references, and to Mr. MeDon: 
especially for assistance in the preparation of charts, ma 
and figures, 
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APPENDIX “A” 


RELATION OF CHANGES IN StorM TipEs ON THE COAST OF THE 
GuuF or Mexico To THE CENTER AND MoveMENT OF 
HURRICANES 


SYNOPSIS. 


A brief summary of what is known bearing directly on this subject. concerning 
Wind and waves is given. 

Hurricanes are in all instances preceded by storm tides. The water commences 
rising on the coast in front of the cyclonic area, one to two days before the 
storm is experienced. 

The wind velocities and directions in different parts of the hurricane, as 
deduced theoretically, do not meet the requirements in this study to explain the 
rises in tides. Composite charts showing the actual wind directions and velocities 
determined from stations in the different parts of the cyclonic area are submitted. 
In the right-hand rear quadrant the winds blow with much greater velocity and 
persist in the same direction longer than in any other part of the hurricane. At 
stations in this quadrant the wind has been found to blow for 24 hours or longer 
with a direction in line with the advance of the hurricane, with an average 
velocity of 60 miles per hour, and for 13 hours at 70 to 85 miles per hour. In 
other parts of the cyclonic area the wind continues to blow over the water in the 
bame direction for only a few hours. 

' Winds in the cyclonic area over water develop waves of a size and length which 
bear a relation to the sustained velocity of the wind and the length of time the 
waves are under the influence of the same wind direction. Waves of different 
sizes are developed in proportion to the winds which prevail in the different parts 
of the cyclonic area. The largest and longest waves are created in the rear 
right-hand quadrant; these waves pass on through the cyclonic area and move 
to shore where they cause a rise in the water in the front of and on the right of 
the line over which the center of the hurricane is advancing. This rise begins 
When the center of the hurricane is 300 to 500 miles distant, and continues until 
the hurricane moves inland. The heights of the water reached at shore near the 
center of the storm vary from 8 to 15 feet above mean Gulf level. 

Changes in the position of the rise of the storm tide indicate changes in the 
course of the storm. 

Italic figures in parentheses refer to authorities preceded by the same figure - 
in the bibliography at the end of this paper. 


Storm WAVES AND SWELLS 


Waves and tides that appear along our coasts, many hours and 
at times one or two days in advance of hurricanes, convey some 
definite information regarding the position and direction of move- 
ment of the storm still many miles distant in the Gulf. Swells 
and waves break upon the shore and the water rises as the result 
of winds prevailing in the Gulf sometimes 400 to 500 miles 
distant. 

The relations which the movements and actions of the waves 
and tides bear to the position and movement of the meteoro- 
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logical disturbances, which develop and carry these phenome 
to shore, have not received the attention the importance of - 
subject justifies. 

Ocean waves and their action under winds have received 
attention of investigators, and we will summarize briefly ~ 
more important results obtained that bear directly on this st 
ject. Their height, length, and speed have been carefully stud 
and recorded in both deep and shallow water. In the Atlan 
and other oceans with 600 to 1,000 miles sea room it has be 
found in ordinary storms that waves of 35 to 40 feet in hei; 
are developed and in exceptional storms waves may exceed 
feet. The crossing of two large waves will sometimes send wy 
peak of water which has been estimated to be 50 to 55 feet 
height. The quotient obtained by dividing the wind veloc 
in miles per hour by 2.05 represents the average height in feet 
the waves developed by that wind; however, this average will 
exceeded when the wind has full opportunity to exert its for 
Waves produced upon the deep sea communicate their mot: 
to the water to a depth of about one-fourth the wave leng 
when the waves run into water which has depth less than o: 
fourth the wave length a reduction of the speed of the ws 
results and continues as shallower water is reached; the dim 
ishing speed causes the wave crests to close up, the space si 
arating them becomes less and less as the depth of the wa 
diminishes; but the interval of time between the arrival at sh 
of successive crests remains unchanged. The average storm ws 
in deep water moves forward with a velocity a few miles | 
hour less than the wind velocity that produces it. Long wa’ 
and swells that move through the storm and break upon | 
shore travel when in deep water with a greater speed than 1 
highest waves in storms travel. In seas partly inclosed - 
speed and length of waves are less than on the open ocean, th 
being determined by the length of fetch as well as winds. ( 

In the Gulf of Mexico there is a distance or length of fe 
over deep water for 600 miles from the Yucatan Channel to 1 
middle Gulf coast and 800 miles to the west Gulf coast. Fr 
the Florida Straits to the middle and west Gulf coast the distan 
or length of fetch ranges from 600 to 1,000 miles. 

In a cyclonic area with a progressive movement of 12 to 
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miles per hour large waves of considerable length are driven 
through and beyond the cyclonic area and by gravity and inertia 
are carried on far in advance of the area covered by the cyclonic 
circulation. 

In discussing the propagation of waves of the sea in this con- 
nection Cornish says: (6) 


The breakers which arrive (at shore) somewhat irregularly 
during storms do so at intervals which, as far as I have 
noticed them, do not differ much from the intervals ob- 

served on board ship in the deep sea during storms. When 

waves are driven outside the wind area and left to them- 
selves to travel over considerable distances the originally 
complex and irregular waves are analyzed into a series of 
simple, regular waves of graduated lengths. The longer and 
swifter are in front, the shorter and slower in the rear; the 
shorter components flatten out very quickly as they travel, 
whereas the longer components preserve their height with 
but little diminution for long distances and reach places far 
distant from the windward shore, where the water will 
heave with a long period undulation. At a considerable 
distance from the windward shore the state attained by 
the sea during a storm does not depend only on what the 
wind does there but by the transmission by gravity, inde- 
pendently of the wind of the longer-period component of 
the irregular waves which the storm has created to wind- 
ward. The greater the length of the fetch the greater is 
the distance from which the surface water draws the rein-~ 
forcement of its long period heaving and the greater, there- 
fore, is that part of the wave disturbance which is of greater 
wave length than the dominant wave. 


Darwin says, (2) 


The point we have to note is that an isolated disturbance 
will generate long waves and they will run ahead of the 
small ones; the long waves are more persistent, * * * but 
I do not understand how it is that the separation of the long 
from the short waves is so complete nor what governs the 
length of the wave. 
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Dr. George Stokes showed nearly half a century ago that ther 
is a transfer of water in the direction in which the wave is moy 
ing. The speed of the transfer depends on the depth and dimix 
ishes rapidly as the depth of the water increases. (4) 

Coast currents observed as resulting from cyclonic storms i 
the Bay of Bengal have a steady set or drift to the west. Elic 
says: (1) 

It is probable that the strength of a cyclone advancing t 
the northward coast of the bay could be roughly ascertaine 
by the strength of the westerly set at the head of the bar 
Data are, however, wanting to test this. * * * The drii 
near the center of large storms in the Bay of Bengal may k 
so much as 6,to'8 knots *,* *. 


Observations of construction engineers indicate that the effec: 
of waves on such structures as rubble breakwaters are generall 
not appreciable beyond a depth of 15 to 16 feet below the wat 
‘surface. This varies, however, in different localities. At Poi 
Elizabeth, South Africa, blocks of rubble stone weighing 100 1 
150 pounds, in 22 feet of water, were not disturbed by waves 1] 
to 20 feet high. At Colombo stones weighing three tons, in wat 
10 to 14 feet deep, were disturbed by waves not exceeding 1 
feet in height. At Algiers, Africa, stones 33 to 39 feet below th 
surface of the water were moved by waves or currents. (7) 

The most destructive element in hurricanes is the breakin 
wave. A cubic yard of water weighs about 1,500 pounds and tk 
waves, driven by the wind, break on the coast with the wate 
moving forward at a speed of many feet per second, and cau: 
destruction which exceeds description. 


Tipe ReEcorps 


The Port Eads tide gage is about 214 miles up the South Pa: 

from the Gulf, and the Burrwood gage in Southwest Pass is 
miles from the Gulf. 
' The tide gage at Galveston is at the foot of Twentieth Stree 
The tide records used with the Mobile (Ala.) meteorologic: 
records are Pascagoula, Miss., 1909, and for the other year 
Fort Morgan, Ala. atc 

Mean low water at Port Eads, La., is 0.3 of a foot.and ¢ 
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Burrwood, La., is 0.7 of a foot above mean Gulf level. At Fort 
Morgan, Ala., mean low water is 0.3 of a foot. above mean Gulf 
level. For Galveston the United States Coast and Geodetic 
Survey gives mean low water (1917) 0.5 a foot below mean Gulf 
level. 

The zero of the tide gage at Port Eads, La., is 3.16 feet and 
at Burrwood, 2.26 feet below mean Gulf level, and at Fort 
Morgan, Ala., the zero of the tide gage is 1.22 feet below mean 
Gulf level; therefore, mean low water on the Port Eads gage 
reads 3.46, on the Burrwood gage 2.96 and on the Fort Morgan 
gage, 1.52. 

‘Darwin, in speaking of tides, says: (2) “The word ‘tidal’ 
should only be used when we are referring to regular and per- 
sistent alternations of rise and fall of sea level.” He suggests 
that changes of water level due to wind and other atmospheric 
influences should be referred to as a “meteorological tide.” The 
meteorological tide may be either low water or high water. 

In referring to tides generally, mean low water as used by 
the United States Coast and Geodetic Survey will be used as 
the reference plane. The tide graphs shown with the graphs of 
meteorological conditions will give the tides above mean low 
water, in order that the records for Galveston, Burrwood, and 
Mobile, may be easily compared as the cyclonic area advances. 

The term “Storm tide” will be used to represent the height 
of the water in excess of the predicted tide at a given hour. A 
study of the relationship existing between hurricanes and tides 
has been made possible through the complete records of tide 
conditions which we have had the good fortune to secure for this 
study. 

Each hurricane, during the 20 years, 1900 to 1919, inclusive, 
will be taken up in chronological order, and we will deal espe- 
cially with the relation of the tides to the center and movement 
of the hurricane. 


MerroroLocicaL Recorps AND HurRRICANE TIDES 


September 1-12, 1900.—This disturbance reached the Florida 
Straits, September 5, and moved in a northwesterly direction 
across the Gulf, a distance of nearly 1,000 miles, with its center 
passing inland over the western part of Galveston Island about 
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9 p. m., September 8. A graphical representation of the wind, 
barometric pressure, and tides at Port Eads, La., and Galveston, 
Tex., during the passage of this storm through the Gulf is shown 
in Plate I. At Port Eads the barometer commenced falling on 
the morning of the 6th and fell steadily until the night of the 
7th, when 29.56 was recorded at the 8 p. m. observation. The 
wind was from the northeast during the 6th and until 8 a. m. of 
the 7th, with steadily increasing velocity, but not exceeding 44 
miles per hour. The wind shifted to the east in the afternoon 
of the 7th, and the highest hourly velocity was 47 miles at 4 p. m. 
and5p.m. At 8a. m. the wind was from the southeast and the 
velocity 30 miles per hour. ; 

The tide gage at Port Eads showed a slight rise in the water 
above the regular tides during the 6th, and the water con- 
tinued to rise steadily, reaching 2.8 feet above mean low water 
at 9 p. m. on the 7th, the rise caused by the hurricane in 24 hours 
being 1.2 feet. The oscillations of the regular tides were not 

“overcome, but the water at lowest tide on the afternoon of the 
7th was 1.6 feet higher than the lowest water on the previous 
day. Port Eads was about 150 miles to the right of the line of 
advance of the center of the hurricane at the time of the highest 
water. In this instance the water at shore commenced rising at 
Port Eads 150 miles to the right of the line of advance of the 
hurricane, when the center was 400 miles distant and 36 hours 
before that place was on a line drawn through the center of the 
hurricane at right angles to the line of advance. The highest 
water occurred with the passage of the center of the cyclonic area 
and coincidént with the lowest barometer and highest winds. 

At Galveston the barometer commenced falling at 5 p. m. 
on the 6th and continued falling steadily, but slowly, up to noon 
of the 8th, when it read 29.42 inches. The barometer then fell 
rapidly, recording 28.48 inches at 8.30 p. m. of the 8th, the lowest 
pressure recorded up to that time at a Weather Bureau station. 
The wind blew steadily from the north from noon of the 6th 
until 3 p. m. of the 8th, except that it blew from the northeast 
during the hours ending at 9 a. m. and 10 a. m. of the 8th. The 

‘prevailing wind was from the northeast from 3 p. m. to 8.30 
‘p. m., September 8; east from 8.30 p. m. to 10 p. m., southeast 

from 10 p. m. to 11 p. m., and after that time from the south. 


| 
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The wind velocity was less than 20 miles per hour up to 6 a. n 
of the 8th, after which the velocity increased steadily, reachin 
30 miles per hour at noon of the 8th, and was 60 miles durir 
the hour ending 6 p. m. when the anemometer blew away. Th 
velocity was increasing rapidly at that hour, 2 miles having bee 
recorded at the rate of 100 miles per hour. It is estimated th: 
a velocity of 120 miles per hour was reached about the time « 
the shift of the wind to the east. 

There are no tide observations at Galveston prior to 4 p. x 
of the 7th, when the water already stood 3 feet above mean lo 
tide, showing nearly 2 feet of storm tide. At this time the cent 
of the hurricane was 300 miles distant in space and 30 hours j 
time, and its line of advance was toward Galveston. The watt 
stood one foot higher at Galveston at this hour than at Po 
Eads, which was only about 175 miles distant, from the eyclon 
center, to the right of the line over which it was advancin, 
The crest of high water at Port Hads was 2.8 feet, and ws 
reached at 9 p. m. of the 7th. 

The water continued to rise rapidly at Galveston, and ws 
8 feet at 3 p. m. of the 8th, notwithstanding there had been u 
to this time a prevailing offshore north wind of 20 to 40 mil 
per hour; such winds ordinarily give a tide below low wate 
After 3 p. m. of the 8th, when the wind shifted to northeast an 
east the tide rose with phenomenal rapidity, reaching 15 fe 
at 8 to9 p. m., arise of 1.4 feet per hour. The rapid rise durin 
the last five hours is attributed to the effects of the offshor 
north winds prior to 3 p. m. having retarded the rise in tk 
water as the storm approached, by foreing it back and banking 
toward the storm center, and when the wind ‘ehanged to nortl 
east and east this water was forced in rapidly with favorab. 
winds.. The rise in the storm tide was not noticeable on tk 
coast 50 miles to the left of the line of advance of the hurrican 

The destruction of property by the winds and waves in th 
hurricane amounted to about $30,000,000 and 6,000 persons wet 
drowned. 

July 5-10, 1901.—A storm of small extent and moderate it 
tensity moved through the Yucatan Channel into the Gulf « 
Mexico on the 7th and reached the Texas coast west of Galve 
ton on the 10th. This disturbance gave a rise in water at Ga 
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veston of 4.5 feet at 3.30 a.m. No tide records of this disturb- 
ance are available. No damage of consequence resulted. 

August 9-15, 1901.—This disturbance first appeared to the 
north of Cuba on August 9. It moved across southern Florida 
and into the Gulf of Mexico on the morning of the 11th, con- 
tinued its course westward until the 90th meridian was reached, 
when, during the 14th, it recurved and on the morning of the 
15th passed northeastward between New Orleans and Port Eads. 
This disturbance was of small diameter, but of considerable in- 
tensity. Its course was unusual. 

The barometer at Port Eads fell steadily, commencing about 
noon on the 12th and was 29.50 at 8 a. m. on the 14th, when 
the last observation was taken. The wind direction was north- 
west on the afternoon of the 12th and was northeast during the 
13th; on the morning of the 14th it was southeast. The velocity 
increased steadily after 6 a. m. of the 13th, and was 62 miles per 
hour at 5 a. m. on the 14th, when the record was lost. The 
wind and pressure records at New Orleans are shown on Plate 
II, along with the wind, pressure, and tide records at Port Eads. 
(We have no automatic tide record for Mobile and Galveston 
for this storm.) The highest wind velocity, 40 miles per hour at 
New Orleans, occurred at 11 a. m. on the 15th. 

Tide records at Port Eads show the water rising before mid- 
night on the 12th when the center of the storm was about 200 
miles distant. The water reached a height of 3.2 feet above 
mean low water at 11 a. m. on the 14th, the record after that 
time being lost. The Mississippi River, at New Orleans rose. 
from 5.9 feet to 11.4 feet on the morning of the 15th, the water 
forced up the river by the hurricane winds amounting to 5.5 feet. 

At Mobile the water was driven in and was awash of the 

wharves from 12 noon to 1 p. m. of the 14th. At 10 a. m. of the 
15th the water began to come over the wharves, rising at the rate 
of nearly 1 foot per hour until 3.30 p. m., when it was 5 feet over 
the wharves and 8 2 feet above mean low tide. 

Ten persons were drowned and the damage caused by the 

storm was $1,000,000. 

September 23-27, 1906.—This disturbance passed through the 
Yucatan Channel on the morning of the 24th, traveled in nearly 

‘a straight line, and moved in on the Mississippi coast on the 
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morning of the 27th. The tide records at Port Eads, charted 
with the wind and pressure records of New Orleans (Port Eads 
meteorological records being missing) and the Galveston pres- 
sure, wind, and tide records during the storm are shown on 
Plate III. This was a hurricane of large extent and unusual in- 
tensity. The tide at Galveston during the passage of this dis- 
turbance through the Gulf showed only normal changes. At 
Port Eads, 50 miles to the left of the line of advance of the center 
of the storm, the storm tide commenced rising during the after- 
noon of the 25th, when the hurricane was 250 miles distant in 
space and 28 hours in time. The rise in water shown at Port 
Eads on the afternoon of the 25th must have started from the 
southeast Gulf during the afternoon of the 24th and traveled, 
during 20 hours, a distance of more than 500 miles, at the rate 
of about 25 miles per hour. The cyclonic area advanced at. the 
rate of about 10 miles per hour. The highest tide at Port Eads 
was 3.8 feet at midnight of the 26th. There was 3-foot rise in 
the river at New Orleans on the morning of the 27th as a result 
of the hurricane. Mobile and Pensacola were situated in the 
eastern segment of the cyclonic area, where they experienced 
the severest part of the hurricane. Both places reported the 
severest hurricane in their history. Unfortunately, we have no 
automatic tide records for either Mobile or Pensacola during this 
hurricane. The United States engineers at Fort Barancas on the 
bay below Pensacola, give the extreme storm tide at that place, 
10.8 feet. At Mobile, the water was 9.9 feet above mean low 
tide. Thus we have the highest water at Port Eads, 50 miles to - 
the left of the line of advance of the center of the hurricane, 3.8 
feet, and at Pensacola, 100 miles to the right, 10.8 feet. 

The damage from the hurricane at Pensacola was $2,120,000, 
and in the vicinity of Mobile, $1,850,000.. The total known 
deaths at Pensacola were 32, and in the vicinity of Mobile 31 
persons lost their lives. 

July 18-21, 1909—This disturbance moved from the Carib- 
bean Sea through the Yucatan Channel on the 18th and moved 
inland on the Texas coast with its center near Velasco. The 
eyclonic area was about 100 miles in diameter and no hurricane 
inds attended it. High waves, swells, and tides prevailed as 
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far to the right of the center as Galveston. We have no tide 
records for this storm. 

The damage to property amounted to $100,000 and 4 lives 
were lost. 

September 12-21, 1909.—This was a storm of great intensity 
and of large extent, its effects being distinctly felt from east, of 
Pensacola, Fla., to the west of Galveston, Tex. The disturbance 
passed through the Yucatan Channel during September 17 and 
moved inland on the Louisiana coast, its center a little distance 
to the right of the mouth of the Atchafalaya River, September 
20. This disturbance advanced at the rate of about 8 miles 
per hour. 

The meteorological and tide records at Mobile, Ala. (tide rec- 
ords from Pascagoula, Miss.), Port Eads, La., and Galveston, 
Texas, are shown on Plate IV. The storm tide began rising at 
Pascagoula, Miss., and Port Eads, La., about the same time on 
the afternoon of the 18th, when the center of the disturbance 
was nearly 400 miles distant in space and 40 hours in time. The 
rise which commenced at Port Eads and Pascagoula at 8 p. m. of 
the 18th had started from the southeast Gulf about 18 hours 
previously and had traveled about 500 miles at the rate of 28 
miles per hour. By noon of the 19th there had been a rise at 
Pascagoula of 1.1 feet, and at Port Eads, of 0.8 foot, and by 
midnight of the 19th the water had risen 2.4 feet at Pascagoula 
and 2 feet at Port Eads. No material changes in the tide other 
than the regular change were shown at Galveston until the night 
of the 19th. The storm tide from the forenoon of the 18th to . 
the forenoon of the 20th at Pascagoula, Miss., was about 2.8 feet, 
and at Port Eads, La., 2.2 feet, and at Galveston, Tex., 1 foot. 
The rise in the tide at Galveston all occurred during the night of 
the 19th-20th. 

The wharves at Mobile were overflowed and the water was 
within half a block of Royal Street, the height of the water at 
that place being 8.7 feet. 

The height of the water above mean Gulf level over the Louisi- 
ana coast region in the hurricane of September 20, 1909, has 

een determined by engineers of the Department of Agriculture 
in connection with the reclamation of marsh land (18). These 
ecords show the greatest height of the water in different parts 
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of the hurricane with reference to the line of advance of the cen- 
er, and from a study of these we may learn where to expect dan- 
serous storm tides with the approach of a hurricane. The 
eight of the water at several places in southeastern Louisiana 
luring the hurricane of September 20, 1909, is shown in Figure 1. 
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Figure 1. Height of storm tide above mean Gulf level in right and left hand seg- 
mts of the hurricane, September 20, 1909. This shows the area overflowed when 
rm pares inland at nearly right angles to the coast line—A. M. Shaw (18) and, 
M. Cline. 


ven parishes were flooded, the height of the water being 6 to 
) feet over the greater portion of the area. The actual height 

the water over the land in the right-hand segment of the 
clonic area resulted from the accumulation of water forced 
rward by the winds and checked in speed by the marsh lands, 
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swamp forests, and levees. This is distinctly shown by the i 
creased depth of 2 to 4 feet of water 30 to 50 miles inland fre 
Burrwood and Port Eads. The depths of 7 to 10 feet occurred 
points where the greatest resistance to the advancement of t 
water, forced forward by the winds, was encountered. To t 
left of the line of advance of the center of the hurricane, t 
water did not get high enough at any point to attract attenti 
and at Morgan City, La., near the center and in the left-hai 
segment of the cyclonic area, the water was 0.1 of a foot bel 
mean Gulf level, while 75 miles to the right of the center t 
water was 5 to 7 feet above. 

The damage to property by this storm amounted to $6,400,0( 
and 353 lives were lost. 

October 13-18, 1910—This disturbance moved into the Flori 
Straits on the 14th, moved toward the northwest during t 
15th, southward during the 16th, and then eastward to t 
Florida Straits by the morning of the 17th, after which it mov 
northward over Florida during the 18th. Barograph records 
the French S. 8. Texas from the 13th to the 17th confirm tl 
movement. We have no tide records for this disturbance. T 
official in charge, Weather Bureau Office, Tampa, Fla., repo. 
the tide 6.6 feet below mean low water on the morning of t 
18th, the lowest water of record, the cyclonic area at that tir 
was moving northward with its center to the right of Tamy 
After the passage of the center of the storm and its recur 
northward, the water rose 10.1 feet, to 3.5 feet above mean k 
tide. 

August 13-17, 1915—This hurricane moved across the weste 
end of Cuba into the Gulf of Mexico during the forenoon of t 
14th, traveled in a direct line and passed inland on the Tex 
coast a short distance to the left of Galveston on the morning 
the 17th. The disturbance advanced with a speed of about 
miles per hour. 

The wind, pressure and tides at Mobile, Ala. (tide at Fe 
Morgan), Burrwood, La., and Galveston, Tex., are shown | 
Plate V. The storm tide began rising slowly at Galvestc 
Burrwood, and Fort Morgan during the forenoon of the 151 
just 24 hours after the disturbance had moved into the Gulf 
Mexico. These rises in the water over a coast line more th: 
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Lats V.—For path and movement of hurricane, August 14-17, 1915, see figure 2—J. M. Cline. 
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500 miles long all on the right of the line of advance of the hi 
ricane resulted from waves started out from the region covel 
by the hurricane in the southeast Gulf during the 14th. T 
distance of the center of the storm at that time from F 
Morgan and Burrwood was 450 miles and from Galveston, 7 
miles. This would indicate that waves and swells were carri 
forward in the front of the right-hand segment in the line 
advance of the hurricane at a velocity of 40 to 50 miles per he 
and those going toward shore farther to the right of the lme 
advance traveled with a little less than half that speed. T 
highest water at Fort Morgan, 2.8 feet, was recorded at 6 a. 
on the 16th and showed a rise of 1.8 feet in 24 hours. At Bu 
wood, 2.6 feet was recorded at 1 a. m. of the 16th, a rise of 
foot in 24 hours. The tide did not rise after that to any exte 
at either of these places, but high water continued at KF 
Morgan and Burrwood until the storm moved inland; the reg 
lar tides were not obscured. 

At Galveston the tide continued to rise and was 4.1 feet 
6.30 a. m. on the 16th, a storm tide of about 3.1 feet in 24 hou 
The center of the disturbance at this time was nearly 300 mi 
from Galveston and 21 hours distant in time. The rise in t 
water in front of the storm at this hour at Galveston was neai 
twice the rise of 1.8 feet at Fort Morgan, 300 miles to the rig 
of the line of advance of the hurricane, and was three tin 
greater than the rise at Burrwood. The water continued to r 
at Galveston until about 3 a. m. of the 17th, when it was 12 fe 
The tide changed very little at Fort Morgan and Burrwe 
after 3 a. m. of the 16th and commencing at 3 a. m. of the 17 
fell to about normal on the afternoon of that date. 

The heights of the water above mean Gulf level along 1 
coast during this storm are shown in figure 2. This shows 1 
height of the water in feet and tenths along the Gulf coast 
different distances from the line over which the center of 1 
hurricane advanced. 

During the passage of this hurricane, the action of waves a 
currents in moving objects in the open Gulf was brought « 
by the movement of light and whistling buoys that were witl 
its range. Trinity Shoals gas and whistling buoy, weigh: 
21,000 pounds, anchored in 42 feet of water, with 6,500 pou 
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CAST /RON 
WT. 6500 LBS. 


ee 


a WEIGHT 21000 LBS. 


Figure 3. Design of gas and whistling buoys anchored at Trinity Shoals, I 
ana coast; Galveston Bar, off jetties, and Heald Bank, Tex. ‘Trinity Shoal 
Heald Bank buoys are anchored in 43 feet and Galveston Bar in 36 feet of wa 
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inker and 252 feet of anchor chain weighing 3,520 pounds, was 
arried 8 to 10 miles westward of its proper location in latitude 
9° 07’ N. and longitude 92° 15’ W. The shape and exposure 
f the buoy are shown in figure 3. The location of this buoy was 
00 miles to the right of the line of advance of the center of 
he storm. 

Galveston Bar gas and whistling buoy, same as shown, an- 
hored at the end of Galveston Jetties in 36 feet of water was 
arried 41% to 5 miles in a southwesterly direction from its proper 
cation. This buoy was about 20 miles from the center of the 
torm. 

A buoy of the same class, with the same moorings in 42 feet of 
rater, located on Heald Bank, 28 miles off the entrance to Gal- 
eston Bay, was not moved from its proper position, although its 
ights were extinguished. The Heald Bank buoy was a little to 
he left of the line of advance of the center of the hurricane. 
‘rom the action of the water on these buoys we can get some 
nformation concerning the effects of currents and waves at- 
ending hurricanes. 

The property damage in this storm was about $21,000,000, 
nd 275 lives were lost. 

September 2-4, 1915.—A disturbance of considerable intensity 
rossed western Cuba, moved into the east Gulf and recurving 
lowly, moved inland near the mouth of the Apalachicola River 
uring the early morning hours of the 4th. Pressure, wind and 
ide graphs for Mobile (tide, Fort Morgan), Ala., and Burr- 
food, La., are shown in Plate VI. These stations were located, 
‘ort Morgan, 100 miles, and Burrwood, 200 miles to the left of 
he line of advance of the center of the storm. The tides at 
hese stations were not influenced in any manner by the dis- 
arbance and there was no high tide at Pensacola. Along the 

orida coast, to the right of the line of advance high water 

evailed generally. At St. Petersburg, Fla., water was 4.9 feet 

Ove any previous high water. 

September 22-30, 1915—This was one of the most intense 

rricanes in the history of the Gulf coast. The cyclonic area 
oved through the Yucatan Channel during the night of the 

‘th, and traveling northwestward moved inland on the Louisi- 

a coast to the left of and near Grand Isle, La., during the 
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29th. This disturbance recurved slowly after crossing latitu 
27° N. and moved slowly northward. 

The pressure, wind and tides at Mobile (tide records F 
Morgan), Ala., Burrwood, La., and Galveston, Tex., are shor 
in Plate VII. The tide was about 0.8 of a foot above the p: 
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licted tide at 8 p. m. on the 26th. At 8 a. m. on the 27th the 
vater had commenced rising at Fort Morgan and was 1 foot 
ibove the predicted tide on the Gulf coast from Burrwood to 
jalveston; at 8 p. m. the excess was 1.1 feet. At 8 a.m. of the 
Sth, there was 1.5 feet of water in excess of the predicted tide 
t Burrwood and Galveston and 0.8 foot at Fort Morgan. At 
}p. m. of the 28th, when the storm was about 250 miles distant, 
here was a storm tide of 1.7 feet at Burrwood and 1.5 feet at 
fort Morgan. When the storm began recurving to the right, the 
vater ceased rising at Galveston, and no storm tide was recorded 
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Figure 5. Height of storm tide above mean Gulf level, in left and right hand seg- 
ment of the hurricane, September 29, 1915. This shows the distribution of high 


water on the middle and east Gulf coast with a slowly recurving hurricane.—C. W 
Okey, (18) and I. M. Cline, 


The damage resulting from this hurricane is estimated at 
$13,000,000, and 275 persons were drowned. 

July 1-6, 1916.—The disturbance made its appearance in the 
Caribbean Sea on the afternoon of the 1st, moved almost in a 
straight line through the Yucatan Channel on the 3rd and 
reached the Mississippi coast late in the afternoon of the 5th. 
The storm covered a considerable area and was of great intensity. 
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The wind pressure, and tides at Mobile (tide records, Fort 
Morgan), Ala., Burrwood, La., and Galveston, Tex., are shown in 
Plate VIII. The tide at Mobile and Burrwood was rising at 
noon of the 4th when the disturbance was centered 400 miles 
distant in space and 26 hours in time. This rise of water had 
traveled from the Yucatan Channel a distance of 500 miles in 
18 hours in the front and to the right of the line of advance of 
the center of the cyclonic area. At midnight of the 4th the 
water had risen 1 foot at Burrwood and 1.4 feet at Fort Morgan. 
At § a. m. on the 5th the storm tide was-2.8 feet at Port Eads 
and Burrwood and 3 feet at Fort Morgan. The highest water 
at Fort Morgan was 5.3 feet and occurred at 1 p. m. of the 5th; 
at Burrwood the highest water was 3.8 feet at 10 a. m. of the 
5th. Burrwood was about 25 miles to the left and Fort Morgan 
about 75 miles to the right of the line of advance of the center. 
The distance traveled by the center of the disturbance after 
passing Burrwood before coming in a line with Fort Morgan was 
50 miles. 

The difference in time between the passage of the crest of 
high water at Burrwocd and Fort Morgan, 3 hours, would indi- 
cate speed of about 15 miles per hour, which is the same as the 
progressive speed of the cyclonic area. The location of these 
stations is such that no great banking up of water by physical 
obstruction was likely to have taken place. Therefore, these 
records serve as a good illustration of the heights reached by 
storm tides on the different sides of the hurricanes where the 
Open space of water represents as nearly the condition in the .~ 
open Gulf as! we can expect to find. Fort Morgan was three 
times farther than Port Eads from the center. As the shore 
was approached the water banked up much higher, this being 
due to physical obstructions. The height of the water at Mobile 
was 11.6 feet, which is 6.3 feet above the actual height reached 
by the water at Fort Morgan. High water did not occur as far 

est as Biloxi and Pass Christian. The damage at Mobile and 
nm the Alabama coast amounted to $2,500,000, and 12 persons 
ere drowned. The height of the water at Pensacola, Fla., was 
) feet. 

The damage at Pensacola amounted to $1,000,000. The storm 
id not influence the tide in any manner at Galveston, Tex, 
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August 12-19, 1916——This disturbance passed through the 
Yucatan Channel into the Gulf of Mexico during the night of 
the 16th, advanced northwesterly in nearly a straight line, and 
moved inland on the Texas coast midway between Corpus Christi 
and Brownsville during the afternoon of the 18th. 

We have no tide records in the vicinity of the center of this 
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hurricane, but wind, pressure, and tide records at Burrwood, La.., 
400 miles to the right, and Galveston, Tex., 250 miles to the 
right of the line of advance of the center of the hurricane, are 
shown in Plate IX. No appreciable influence was shown on the 
tide at Burrwood. At Galveston, 250 miles to the right of the 
line of advance of the center, the water commenced rising about 
6 p. m. of the 17th, when the center of the disturbance was nearly 
400 miles distant. The water that caused this rise must have 
started on its journey toward the Texas coast when the storm 
was passing through the Yucatan Channel and had traveled a 
distanee of nearly 800 miles, showing a speed of about 40 miles 
per hour. The cyclonic area advanced at the rate of about 18 
miles per hour. The water at Galveston rose steadily from 6 
p. m. on the 17th until 6 p. m. of the 18th, when the height of 
the water was 4 feet, about 3 feet being storm tide. Galveston, 
at the time of the occurrence of the highest water, was 200 miles 
from the center, and a line drawn through Galveston and the 
center of the storm at that time crossed the line of advance at 
right angles. The advance of the hurricane was more promi- 
nently shown in the rise of the water at Galveston than in the 
pressure or wind changes. 

The damage caused by this hurricane was estimated at 
$1,800,000, and 15 persons were killed or drowned. 

September 21-29, 1917.—This disturbance moved through the 
Yucatan Channel into the Gulf of Mexico during the night of 
the 25th and advanced in a direction a little west of north 
toward the mouth of the Mississippi River. When within about 
50 miles of’ Port Eads the storm began recurving to the right, 
and the.center, passing about 50 miles to the right of Port Eads, 
La., moved inland to the right of Pensacola, Fla. 

The pressure, wind, and tides for Pensacola, Fla. (the tides 
are drawn from the observations made by the observer of the 
Weather Bureau except the highest stage, which was obtained 
from the United States Engineers), Burrwood, La. (tide Port 
Eads), and Galveston, Tex., are shown in Plate X. 

The changes in the height of the water with the advance of 
the hurricane are shown in figure 6. The changes in the tide 
in a recurving hurricane are shown in this case. The tide com- 
menced rising at both Pensacola and Port Eads during the night 
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of the 26th and was 0.6 to 0.7 of a foot above the predicted tide 
at 8 a.m. of the 27th, when the disturbance was centered about 
200 miles from Port Eads and 300 miles from Pensacola. At 
8 p. m. of the 27th there was 1.0 foot of storm tide at both 
Pensacola and Port Eads. On the morning of the 28th the line 
of advance of the center, if continued, would have carried the 
center of the storm over Port Eads, which place had a storm tide 
of 2.7 feet, and Pensacola only 1.1 feet. At 10a. m. reports from 
Pilottown showed the storm had shifted its course to the right. 
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The tide began rising rapidly at Pensacola and by 2 p. m. 1 
storm tide at that place was 2.8 feet. The storm tide abc 
8 p. m. on the 28th at Fort Barancas, Fla., was 5.8 feet, 1 
height of the water being 7.8 feet. The water in the river 
Mobile fell 5 feet below low water on the afternoon of the 28 

The damage at Pensacola amounted to $170,000. This ple 
was near the center of the storm, but being to the left of 1 
line of advance, suffered very little damage, notwithstanding t 

Intensity of the hurricane. 

August 1-6, 1918—This disturbance moved through 1 
Yucatan Channel into the Gulf of Mexico during the night 
the 4th, traveled in a northwesterly direction and passed inla 
over Lake Charles, La., during the 6th. The hurricane was sm 
but of marked intensity. We have no tide records for this stor 
but at Morgan City, 150 miles to the right of the line of advar 
of the center of the storm the tide rose 3 feet, and 28 miles w 
of the center, at Johnsons Bayou, there was a tide of 2.8 feet. 
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The damage from the hurricane amounted to $5,000,000 and 
34 deaths resulted. 

September 6-14, 1919.—This disturbance passed through the 
Florida Straits during the night of the 9th, moved very slowly 
during the 10th, 11th, and 12th, with its line of advance pointing 
toward the Louisiana coast west of the Atchafalaya River. On 
the 13th the disturbance changed its course to the westward, 
moved rapidly in almost a straight course, and passed inland 
with its center a short distance to the left of Corpus Christi, Tex., 
during the afternoon of the 14th. 

The pressure wind, and tides at Burrwood, La., and Calverem 
Tex., are shown on Plate XI. The tide record at Galveston was 
incomplete after 12 noon of the 18th. The highest point reached 
by the water has been obtained from the United States Engineers 
and other records from tide heights telegraphed by the observer 
at Galveston with observations, and these data have been sup- 
plemented by other reports. We have thus been able to complete 
the tidegraph with a fair degree of accuracy. The long stretch 
of open water, more than 1,000 miles, traversed by this hurri- 
cane after entering the Gulf of Mexico, furnishes a splendid 
opportunity to study the changes in the stages of the water 
along the coast both in front and along the line of advance of 
the center of the hurricane. 

The storm tides and.-their changes with the advance of the 
hurricane from the morning of the 11th until the afternoon of 
the 14th, when the hurricane moved inland, are shown in figure 
7. There was arise of 0.3 foot above the predicted tide at Burr- 
wood, La., at 8 a. m. of the 11th, when the center of the storm 
was 400 miles distant. At 8 p. m. of the 11th the rise of 0.3 foot 
had reached Galveston, traveling from the longitude of Burr- 
wood, about 500 miles in 12 hours, nearly 40 miles per hour, 
and the storm tide at Burrwood at this time was 1.1 feet. Gal- 
veston was at this time 600 miles distant from the center of the 
hurricane and Burrwood about 350 miles distant. By 8 a. m. of 
the 12th the storm tide was 1.7 feet at Burrwood and 0.7 of a 
foot at Galveston; and at 8 p. m. the height of the water in 
excess of the predicted tide was 1.9 feet at Burrwood and 1.6 
feet at Galveston. 

On the morning of the 13th the hurricane tide was 2.6 feet at 
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Galveston, 300 miles in front of the center, and 2.4 feet at Burr- 
wood, about 200 miles to the right of the line of advance of the 
center. No increase in the height of the water took place at 
Burrwood during the 13th, but at Galveston the storm tide 
at 8 p. m. was 3.6 feet, a gain of 1 foot in 12 hours; at this hour 
the water had commenced rising slowly at Aransas Pass, Tex. 
At 3 am. on the 14th the storm tide was 7.6 feet at Galveston, 
and 4 feet at Aransas Pass. At 8 a. m. of the 14th the height 
of the water had not changed at Galveston, but had risen 2 feet 
at Aransas Pass, during the preceding five hours and stood 6 feet. 
When the storm moved inland, about 3 p. m. on the 14th, there 
was a storm tide of 11.1 feet at Aransas Pass. The water, driven 
before the wind with the passage of the hurricane inland, banked 
up in places to depths of 12 to 16 feet. 

This storm furnishes a good example for the study of the 
changes in the depth of the water along the coast in hurricanes 
which are moving coastwise. These heights are represented in 
figure 8. The rise of the storm tide in bays and estuaries to the 
right of the line of advance of the hurricane lags behind the 
rise on the coast. At Morgan City the highest water, 7 feet, 
occurred at 4 a. m. on the 14th, six hours after it had occurred 
on the near-by coast. At La Porte, Tex., near the upper end of 
Galveston Bay, the highest water, 8.5 feet, was at 1 p. m. on the 
14th, about 12 hours after it had reached Galveston. At Caran- 
eahua, Tex., a tide of 10 feet occurred at 5 p. m., about 2 hours 
later than at Aransas Pass and at Ingleside, 12 feet at 10 p. m.. 
on the 14th, nearly 9 hours after Aransas Pass. 

During the passage of this storm Trinity Shoals gas and 
whistling buoy (described under hurricane of Aug. 17, 1915), 
anchored in 42 feet of water, was carried 214 miles to the west- 
ward. 

Galveston Bar gas and whistling buoy was carried 114 miles 
to the southwest. 

Aransas Pass gas and whistling buoy anchored in 42 feet of 
water, latitude 27° 50’ N., longitude 92° 02’ W., was carried 5 
miles nearly parallel to the coast and a little in toward the coast. 
This buoy weighs 8,000 pounds, the anchor 5,000 pounds, and 
252 feet of chain weighing 3,528 pounds. 

At Sabine Bank Lighthouse, 15 miles off Sabine Pass, cast- 
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iron plates 5¢ inch thick, 27 feet above the surface of the we 
were crushed in and bent up by the waves. This place \ 
about 125 miles to the right of the line of advance of the cen 
This is cited as showing the power of the wave in that part 
the hurricane. 

The area along the Gulf coast, which has been flooded 
storm tides, is shown by the heights of the water given 
figures 1, 2, 5, and 8. 

The damage caused by this hurricane amounted to $20,272, 
and 284 lives were lost. 

During the 20 years 1900 to 1919 hurricanes on the coast 
the Gulf of Mexico have caused damage to property amount 
to $105,642,000, and 7,225 lives have been lost. 


Concrete KNOWLEDGE oF WINDS IN HuRRICANES 


Storm tides, in conjunction with hurricane winds, are si 
destructive agencies that it is of primary importance that 
have definite information relative to the distribution of . 
winds in these disturbances. These winds are the physical age 
that furnish the energy that develops and carries the storm wa 
and tides to shores far in advance of the arrival of the hurrica 
and on the approach of the cyclonic area causes the inundat 
of our coasts and the destruction of property and lives over c 
siderable areas. Concrete information regarding the winds 
hurricanes that produce the swells and tides is limited a 
therefore, these are subjects that must be investigated in 1 
connection. Definite knowledge of the action of these age 
might be obtained if the wind directions and velocities in hu 
canes could be charted simultaneously at a number of pla 
in the different quadrants of the cyclonic area. However, 
courses of hurricanes are mainly over water, and, therefore 
is not practicable to get simultaneous observations at a st 
cient number of stations to give us definite knowledge of 
actual winds in the different parts of the cyclonic area, and 
must look for some other method by which we can obtain t 
information. We have the theoretical ideal conclusions : 
charts giving the direction and velocity of wind in hurrica 
(3) (5), but these do not meet the requirements in the stt 
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of this subject, for here we have need for knowledge of cox 
ditions as they actually exist. 

During the last 20 years two hurricanes have moved in ; 
points on the middle Gulf coast, where sufficient records hav 
been kept to enable a very complete study of the actual wir 
directions and velocities in different parts of the cyclonic are: 
over water. These hurricanes while moving into extra-tropic: 
regions, retained in a marked degree their tropical characte 
istics. 


BrHourLy StTupies or WINDS IN HurRRICANES 


The hurricanes of September 29, 1915, and July 5, 191 
moved inland with the center of the first near Grand Isle, La., ar 
the center of the latter east of Gulfport, Miss., and we secure 
very complete automatic records at New Orleans (1), and Bur 
wood (2), La., Mobile (3), Ala., and Pensacola (4), Fla. Th 
southeastern portion of Louisiana, and the Mississippi, Alabam 
and Florida, coasts are low lying, near sea level, and sparse. 
timbered. The physical features of the area over which the: 
hurricanes moved, much of it being water surface, give as near: 
ideal conditions for the study of the winds in the different quac 
rants of the cyclonic area during its passage as we can expe 
to find. These were typical hurricanes and both of great u 
tensity. The progressive velocities of the cyclonic areas we! 
determined for 100 miles after passing the latitude of Bur 
wood, La. The hurricane of September 29, 1915, advanced : 
the rate of about 12 miles per hour, and at this rate of progre 
the center was in the Gulf about 150 miles off the mouth of tl 
Mississippi River at midnight of September 28. The hurricar 
of July 5, 1916, advanced with a velocity of 15 miles per hou 
and it was centered in the Gulf about 275 miles off the Missi 
sippi coast at midnight, July 4. 

Based on a progressive movement of 12 miles per hour fe 
the September 29, 1915, hurricane, and 15 miles per hour f 
the July 5, 1916, hurricane, maps were made every two hou 
during the passage of the hurricanes, using the automatic re 
ords at New Orleans (1), Burrwood (2), Mobile (3), and Pens: 
cola (4), and observed pressure and wind directions from Morgs 
City and Lafourche, La., and Pass Christian and Gulfport, Mis 
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ne sustained direction and velocity of the wind being of 
imary importance in producing waves, the prevailing direction 
r the preceding hour and the average velocity for the two 
urs preceding the time of each map have been used on these 
aps, instead of the direction and velocity at the hour. This 
ves us on the composite charts the sustained velocity of wind, 
t only for the two preceding hours, but during the entire 
ssage of the hurricane. When the center of the hurricane of 
ptember 29, 1915, was 150, and that of July 5, 1916, was 275 
les distant from land, commencing at 2 a. m., at a time when 
e effects of the front of the storms were first being felt at 
wrwood, La., and Pensacola, Fla., and at the end of each two 
urs following, the position of the center of the storm was care- 
lly located geographically and charted from the automatic 
sords mentioned above. A line was drawn on each map, 
rough the center of the cyclonic area, the arrow pointing in 
e direction in which the storm was advancing at that time, 
viding it into right and left segments; another line was drawn 
rough the center at right angles to the first, dividing the storm 
to front and rear segments and also into quadrants. 


YMPOSITE CHARTS SHOWING WIND DIRECTIONS AND VELOCITY 


From the maps we have prepared composite charts showing 
e actual winds, both direction and velocity, in different parts 
the hurricane, viz., Charts I and II. 

Chart I shows the distribution of wind direction and velocity 
the hurricane of September 29, 1915, and Chart II shows the 
nd direction and velocity in the hurricane of July 5, 1916. 
these charts the long arrow points in the direction of the line 
advance of the hurricane and the intersection of the cross 
es represents the center of the cyclonic area. The figures 
2, 3, and 4, at the points of the short arrows show the positions 
the stations they represent, on the charts, with reference to 
e cyclonic center at the times when the wind directions and 
locities were recorded. The arrow flies with the wind and 
ows the prevailing direction for the preceding hour. The 
ures at the butts of the arrows are the average wind velocities 
> the preceding two hours. 

The composite wind charts for September 29, 1915, and July 5, 
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1916, were prepared in the following manner: The intersecti: 
of the cross lines on Chart I was placed over the center of t 
cyclonic area as shown on the map at 2 a. m. September < 
1915, the long arrow on this chart pointing in the directi 
toward which the cyclonic area was advancing at that time. T 
prevailing wind direction for the preceding hour and the averai 
wind velocity for the preceding two hours as recorded on t 
map at 2 a.m. at New Orleans (1), Burrwood (2), Mobile (¢ 
and Pensacola (4) were entered on Chart I, as shown by the fir 
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Cuarts I and II.—Composite wind charts. Prevailing wind direction for hour 
preceding and average wind velocity for two hours preceding time of observa- 
tion in different parts of the hurricane. Chart I, September 29, 1915; Chart 
Il, July 5, 1916—7. M. Cline. 


set of arrows and figures at the front of this chart. The po 
tions of the numbers 1, 2, 3, and 4 at the points of the arro 
bear the same relation to the intersection of the cross lines | 
this chart that the position of the stations they represent, oce¢ 
pied with reference to the center of the cyclonic area on t 
2 a.m. map. Chart I was then placed over the 4 a. m. m 
in the same manner and the second set of figures from the fre 
were entered on this chart, representing the wind directions a 
velocities as they appeared in that part of the cyclonic area 
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1¢ 4a. m. map. This was repeated for each map, the wind 
rections and velocities at the four stations being entered at 
1eir correct locations in respect to the center of the cyclonic 
‘ea, on Chart I, at the end of each two hours as the cyclonic 
‘ea, advanced. The last set of entries in the rear of Chart Tis 
x 6 a.m. September 30, 1915. 

The same procedure was followed in preparing Chart IT, com. 
osite wind chart for July 5, 1916, the first set of arrows and 
rures on this chart being 2 a. m. July 5, 1916, and the last set 
sing for 12 midnight, July 5, 1916. Fifteen maps were made 
r the September 29, 1915, hurricane, covering 30 hours, and 
ere are 15 entries of wind direction and velocity from the 
ont to the rear of Chart I, for each station except Burrwood, 
ie record for that station being missing for the last three 
tries. The hurricane of July 5, 1916, moved rapidly and 
minished in intensity very soon after reaching land; there- 
re only 12 maps, covering 24 hours, were used in preparing 
1e composite wind chart for that hurricane, and there are 12 
itries of wind direction and velocity, from the front to the rear 
’ Chart II, for each station. There was very little change in 
e intensity of these hurricanes during the periods covered by 
1e maps used in preparing the composite charts. Each entry 
wind direction and velocity on Charts I and II has been made 
) that the figure at the point of each arrow is the same distance, 
. the same direction, from the intersection of the cross lines 
n these charts that the station which it represents, New Orleans 
1), Burrwood (2), Mobile (3), and Pensacola (4), was from - 
1e center of the cyclovic area on the map at the hour when 
1ese directions and velocities were actually recorded. 

The hurricane of September 29, 1915, recurved slowly during 
1e 380 hours for which the maps were drawn. The greatest 
eviation from a straight line in the 360 miles traveled by the 
urricane during this time was about 45 miles and occurred 
\idway of the period. The hurricane of July 5, 1916, moved in 
early a straight line. 

Chart ITI shows the pressure distribution and winds at 2 p. m. 
eptember 29, 1915, midway of the series of observations on 
hich Chart I, composite wind chart, for that hurricane is 
ased, 
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Chart IV shows the pressure distribution and winds at J 
noon, July 5, 1916, midway of the series of observations on whic 
Chart II, composite wind chart, for that hurricane is based. 

Charts I and II taken in connection with Charts III and I 
show the relations of the winds to the isobars; both maps hay 
been drawn from pressure reduced to sea level. These maps ai 
considered preferable to composite pressure charts for thes 
hurricanes. 


WINDs IN DiFFERENT Parts of Cycitonic AREA 


Wind directions and velocities shown on Charts I and ] 
approximate closely what would have been found to prevail - 


Cuart III.—Hurricane, September 29, 1915. Pressure map at 2 p. m. midway of 
‘ series used in preparing Chart I. 
Cuart IV.—Hurricane, July 5, 1916. Pressure map at 12 noon, midway of series 
used in preparing Chart II.—I. M. Cline. 


simultaneous observations could have been taken at the poi 
of each arrow on the charts and the direction and velocity of tl 
wind determined at the end of any hour during the progress. 
the hurricanes of September 29, 1915, and July 5, 1916, r 
spectively. 

In the hurricane of September 29, 1915, one that recurv 
slowly, the wind velocity for four stations in the right-hand fro 
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quadrant averaged 43, and in the right-hand rear quadrant 52 
miles per hour. The winds in the right-hand front quadrant near 
the path of the center blow across the line of advance, and 150 
to 200 miles to the right of the line of advance of the center of 
the storm they blow at an angle of about 45° across the line of 
advance in the direction in which the hurricane is traveling, 
while in the rear right-hand quadrant the winds are mainly in 
the same direction as the line of advance of the hurricane. 
Effects of the wind, in the western segment of the September 29, 
1915, hurricane, indicate velocities considerably less than those 
recorded in the right-hand segment. The highest wind occurred 
at a distance of 50 to 75 miles to the right of the line of advance 
after the passage of the center of the storm. The destructive 
power of the winds 40 miles east of New Orleans showed a 
zreater force than at New Orleans. If we had automatic wind 
records for the September 29, 1915, storm from a point 50 miles 
sast of New Orleans, such reports would show an increase in the 
wind velocities in the right-hand rear quadrant over those actu- 
ully averaged from Chart I. 

Burrwood, La., located in the right-hand segment, 50 miles 
‘o the right of the line of advance of the center of the cyclonic 
urea, September 29, 1915, furnishes an excellent example for the 
study of the wind in that part of a cyclonic area at an individual 
station. Commencing at the time the center of the storm passed 
rear that place, we get sustained wind velocities, in the rear 
‘ight-hand quadrant, blowing mainly in a direction in line with 
ihe advance of the hurricane, as follows: 

Sixty miles per hour or above prevailed for a period of 13 
ours. 

Seventy miles per hour or above prevailed for a period of 
12 hours. 

Bighty miles per hour or above prevailed for a period of 
11 hours. ; 

Ninety miles per hour or above prevailed for a period of 
3 hours. 

One hundred and eight miles per hour prevailed for 2 hours. 

One hundred and sixteen miles per hour prevailed for one- 
hird of an hour. 
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There was a gust with 1 mile at thé rate of 140 miles pen 

hour. 
The wind velocity at Burrwood from 10 p. m., September 29, 
1915, to 8 a. m., September 30, 1915, was not recorded, but the 
direction up to 9 a. m., September 30, 1915, continued mainly 
in the same direction as the line of advance of the hurricane. 
The wind velocity at 9 a. m., September 30, 1915, was 23 miles 
and by interpolating for the 11 hours following the 13 hours with 
a sustained velocity of 60 miles per hour or above, we find that 
an average velocity of 35 miles per hour prevailed. The average 
velocity was 85 miles per hour during the first 13 hours and 35 
miles per hour for the next 11 hours after the passage of the 
center of the hurricane, making a total period of 24 hours with 
the average wind velocity exceeding 60 miles per hour. During 
this time the wind was mainly in the same direction as the line 
of advance of the cyclonic area. Burrwood continued, during 
this 24 hours, in the rear right-hand quadrant of the cyclonic 
area. 

In the hurricane of July 5, 1916, which progressed in nearly 
a straight line, the wind velocity averaged for all stations, 48 
miles per hour in the right-hand front quadrant, 72 miles per 
hour in the right-hand rear quadrant, 29 miles per hour in the 
left-hand front quadrant, and 34 miles per hour in the left-hand 
rear quadrant. In this storm the stations in the left-hand and 
right-hand segments were nearly equi-distant from the path of 
the center of the hurricane. 

Pensacola, Fla., located in the right-hand segment, 100 miles 
to the right of the center of the hurricane of July 5, 1916, fur- 
nishes a good example for the study of winds at an individual 
station in that part of the cyclonic area. Commencing at the 
time the center passed that station we get sustained wind veloci- 
ties blowing mainly in a direction in line with the advance of 
the hurricane as follows: 

Forty miles per hour or above prevailed for a period of 24 
hours. 

Fifty miles per hour or above prevailed for a period of 19 
hours. 

Sixty miles per hour or above prevailed for a period of 1¢ 
hours. 
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Seventy miles per hour or above prevailed for a period of 
) hours. 

Eighty miles per hour or above: prevailed for a period of 
} hours. 

For a period of 24 hours after the passage of the center of 
he hurricane the average velocity was 59 miles per hour; with 
he wind blowing in a direction mainly in line with the advance 
f the hurricane. During this time Pensacola was in the rear 
ight-hand quadrant of the cyclonic area. 

The foregoing records from Burrwood and Pensacola, both 
nm account of their location with respect to the centers of these 
torms and their positions on the coast, may safely be assumed 
o represent the winds which prevail in those parts of a hurricane 
a the open Gulf. The velocities may be greater or less, depend- 
ag on the intensity of the hurricane. 

The high winds which occur, as indicated in the above hurri- 
anes, in the right-hand rear quadrant of the cyclonic area, are 
ustained velocities which persist in the same direction as the 
ne of advance of the hurricane during the life of the hurricane. 
‘aking into account the diameter and progressive movement 
f the cyclonic area, we get a length of fetch of 300 to 400 miles 
1 the rear right-hand quadrant of storms such as those repre- 
ented in Charts I and II, with the wind 35 to 100 miles per hour 
yr 24 hours, blowing mainly in the direction of the line of ad- 
ance of the hurricane. 


DEVELOPMENT OF WAVES AND Tipes By THESE WINDS 


The wind ‘velocities in the left-hand segment of a cyclonic 
rea are never strong as compared with the winds in the right- 
and segment (3) and are not long sustained in the same direc- 
on over the same area. Furthermore, the progressive move- 
ent of the cyclonic area causes the winds’ over the greater 
art of the left-hand segment to recede continually from. the 
aves which these winds create; and thus their force for de- 
sloping waves is diminished. Therefore there can be no great 
evelopment of waves in this part of the hurricane. 

In the right-hand front quadrant of the hurricane the winds 
sar the center of the cyclonic area blow in a direction which 
rries the waves they develop across the line of advance of 
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the hurricane; but at a distance of 100 to 150 miles to the righ 
of the line drawn through the center of the cyclonic area 1 
the direction in which it is advancing the winds coincide mor 
nearly with the direction of advance of the cyclonic ares 
Furthermore, in the front right-hand quadrant the winds chang 
direction as a result of the progressive movement of the eycloni 
area so rapidly that one direction does not persist over a distanc 
or fetch of 75 miles during a period of as much as four hour; 
This condition, even with the high wind velocities that occt 
in this quadrant, would not furnish sufficient energy for larg 
wave development. 

In the right-hand rear quadrant the winds are more incline 
toward the center and blow, in the main, in the same directio: 
as the line of advance of the hurricane at sustained velocitie 
averaging 72 to 85 miles per hour for 13 hours and 55 to 60 mile 
per hour for 24 hours. It is in this part of the cyclonic area tha 
the greatest length of fetch exists, for here the high winds persis 
mainly in the same direction as the line of advance of the hunri 
cane over a distance of 300 to 400 miles. The waves are unde 
the influence of the wind from the same general direction nc 
only over this entire distance but also for another 100 to 20 
miles, for waves started in the rear do not pass out of the fron 
of this area for many hours, during which time the fetch regio 
has advanced a third to half a day’s journey. For these wave 
then, the actual length of the fetch is 400 to 600 miles i 
cyclones of the size and intensity similar to those illustrated i 
Charts I and II. When the size and speed of the cyclone an 
the velocity with which the waves are moving forward ar 
known, the length of fetch for these waves may be compute 
roughly, from the following equation by Dr. C. F. Brooks: 

F—F+35 F+( SVe+(©)F+ 
“Ww WwW rig baleg aera 
in which F is the length of fetch at any moment, S the forwar 
speed of the cyclone, and W the progressive motion of the wave: 

This sustained direction and velocity of the wind in the right 
hand rear quadrant, prevailing during the life of the hurrican 
furnishes the energy that develops and carries forward the large 
waves of long length which move on through the smaller an 
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shorter waves, pass on beyond the limits of the storm, and are 
carried by their inertia, in the line of advance of the hurricane, 
to shore long before even the front of the cyclonic area reaches 
there. 

In this connection Eliot says (1): “The waves, when originally 
produced by the action of the moving air on the surface of the 
sea, move at a rate which is mainly dependent upon the velocity 
of the wind, and are hence called forced waves, because their 
rate of motion is determined by the body or action which pro- 
duces them, viz, in this case the moving air. Waves when pro- 
duced by such action do not cease when the action stops, or when 
they pass in their motion beyond the sphere of action of the pro- 
ducing winds. In such cases they pass onward in the same 
general direction as before, but gradually become smaller and 
smaller until at last they become imperceptible.” He also in 
speaking of large waves, says: “Whatever explanation be 
adopted of the production of these large waves, there is no 
doubt of the general principle that air moving over a water sur- 
face always produces waves, and that the magnitude of the 
waves is dependent upon the extent of the water area over which 
they blow and upon the force of the winds. It is evident that 
the strength of the swell or the distance at which it will be 
sensibly felt in the open sea, will depend partly upon the 
strength of the producing winds and partly upon the distance 
over which the producing winds act with no considerable change 
in direction. The rapid movement of air over the surface of 
the sea gives rise, by some species of cumulative action to 4 
continuous succession of large parallel waves so long as the winds 
are fairly steady in character. Waves that are produced in this 
manner travel steadily onward in the same general direction so 
long as they meet no obstruction, and if they pass beyond the 
area of strong winds, they decrease slowly in height and force.” 
He also says, in speaking of the swell produced by cyclones in 
the Bay of Bengal: “It has been distinctly felt when the storm 
was at least 400 miles distant in space and 48 hours distant in 
time. In these extreme cases the storm was approaching the 
coast where the swell was observed.” 

It appears that no effort has been made to illustrate the dif- 
ferences in the relative sizes of the waves and swells produced 
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by the winds which prevail in the different parts of the cyclonic 
area. Col. Reid, as early as 1849, gave us a diagram illustrating 
the power of the winds of a cyclonic storm to give rise to swells 
moving outward in all directions from the storm area, (1) but 
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A. Swells of greatest length and magnitude, traveling in the line of advaace of th 


hurricane. 
B. Swells and waves of moderate length and magnitude in the front segment of thi 
hurricane moving outward to right and left of the line of advance. 
C. Swells and waves of smaller length and lesser magnitude in the rear segemnt 0 
the hurricane moving outward to right and left of the line of advance. 
D. Swells and waves of least magnitude moving outward from the rear of the hurri 
cane.—I, M. Cline. 


he did not differentiate between the size and persistency of th 
swells produced by the winds in the different parts of the storm 
With the wind directions and velocities which prevail in thi 
different parts of the cyclonic area, as shown in the foregoing 
Wiscussion and on Charts I and II, we are able to illustrate th 
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relative size and persistency of the swells which move out from 
the different parts of the cyclonic area and these are illustrated 
in figure 9, where the size of the swells going out from each 
part of the cyclonic area is shown to bear a certain and well- 
defined relation to the producing winds. 


CoNCLUSIONS 


1. The waves and swells of greatest size and length are de- 
veloped in the rear right-hand quadrant of the cyclonic area and 
move through the smaller waves in the front of the storm and 
are carried by inertia to shore in the direction in which the 
cyclonic area was advancing at that time. The waves sent out 
in other directions, being smaller and shorter, do not persist long 
after leaving the cyclonic area and soon flatten out and dis- 
yppear. 

2. The transference of water with the long waves and swells 
causes rises in the water along the coast, which increase as the 
storm approaches. The rise in the water on the coast in front 
of the line of advance of the cyclonic area, beginning 12 to 24 
hours after the hurricane enters the Gulf, indicates the rapid 
movement of the waves through the storm area and across the 
Gulf. From a study of the movements shown on the different 
charts and figures with this paper, the speed varies from 30 to 45 
miles per hour. The rapidity with which the waves travel de- 
pends both upon the extent of the cyclonic area and the intensity 
of the winds that develop the waves and swells. The water rises 
at the shore\in the front, and to the right, of the point toward: 
which the center of the hurricane was moving at the time the 
waves started on their journey. 

3. The rise at shore, of the water from the hurricane, shows 
long in advance of any change in the barometer. Take, for 
example, the hurricane of September 11-14, 1919. When the 
barometer at Burrwood, New Orleans, Galveston, and Corpus 
Christi was either stationary or falling only a few hundredths 
of an inch, the water, first at Burrwood, later at Galveston, and 
then at Aransas Pass was rising in feet, telling the story of the 
movement, and of the change in the course of the storm as 
plainly as could possibly be told. - 

4. In using the information conveyed by the tides in fore- 
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casting the movements of hurricanes, the tides as predicted by 
the Coast and Geodetic Survey should be plotted for each hour 
whenever a storm appears in the Gulf. The height of the tide 
above mean low tide should be telegraphed from coast stations 
with each observation and these should be plotted over the pre- 
dicted tides. The place where the water exceeds the predicted 
tides and continues rising is in the line of advance of the hurri- 
cane at the time that water started on its journey. 

5. The intensity and extent of the hurricane is indicated when 
the disturbance is at a considerable distance in space and time, 
by the rapidity of the rise m the water and the extent of the 
coast over which the rise is taking place. 

6. The time between the commencement of the rise in the 
water at shore and the arrival of the hurricane will depend upon 
the rapidity with which the cyclonic area is advancing and the 
intensity of the hurricane. 

7. If the point of greatest rise shifts to the right or left, this 
indicates that the storm is changing its course in that direction 
toward which the increased rise is taking place. 

8. When the crest of the storm tide is coincident with the 
crest of the regular tide the height of the water will be greater 
by more than one foot for hurricanes of equal intensity than 
when the crest of the storm tide is coincident with low tide, and 
in forecasting storm tides this must be borne in mind. 

9. The regular tides are not obscured at any time by the storm 
tide, except at or near the point where the center of the storm 
moves inland, and then for only about twelve hours before the 
passage of the center of the hurricane. 

10. The highest water occurs a few miles to the right, and 
about the time, of the passage of the center of the cyclonic area. 
At points on the coast some distance to the right of the line of 
advance of the center, the highest water occurs on a line drawn 
through the center of the cyclonic area at right angles to the line 
of advance of the hurricane, about the time of the passage of the 
“eenter of the storm across that line. 

11. The high water extends for only a short distance to the 
left of the point where the center of the storm moves inland. 
High water, however, is experienced to the right of the center 
fot a distance of 100 to 200 miles. 
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12. The water commences rising at the shore toward which 
1e cyclonic area is advancing in less than 24 hours after the 
mter of the cyclonic area has entered the Gulf. The waves 
id swells which give this rise must have moved through and 
it of the rear right-hand quadrant of the storm area within 12 
» 15 hours after the center of the storm entered the Gulf of 
lexico. “This indicates that with a fetch of 150 to 200 miles in 
ie rear right-hand quadrant of the cyclonic area the winds 
nish sufficient energy to develop waves and swells of a size 
id length that travel 30 to 45 miles per hour, reaching the 
iddle Gulf coast, 400 miles distant, in 10 to 15 hours, and the 
exas coast, 800 miles distant, in 15 to 20 hours. 

13. Strong currents are created in the right-hand segment of 
.e cyclonic area which move in the main coastwise toward the 
1e along which the cyclonic area is advancing. The fact that 
vo gas and whistling buoys in August, 1915, and three in Sep- 
mber, 1919, were carried 2 to 8 miles nearly parallel to the 
ast, shows the force of these currents. If these buoys had been 
oved by waves they would have been carried in toward the 
ore and not along the coast. 


NEITHER A STORM Nor A TrpAL WavE 


14. 'The high water attending the hurricane is frequently re- 
rred to as a “tidal wave,” or “storm wave,” but it is not a wave 
any sense of that term. It is a cumulation of the water from 
ecessive “storm waves” reaching shore, covering a period of 
70 or more days, with a gradual rise which increases as the - 
nter of the storm approaches. The “storm tide” results from 
e physical forces of the hurricane, driving the large waves 
rward and transferring the water in the same direction as the 
1e of advance of the hurricane. In the open sea this storm 
le is not so great, probably not exceeding, in the greatest storm, 
ore than 5 feet. The obstruction formed by the coast line 
ts as a barrier and the water gradually banks up as it does 
ainst a dam across a stream. The rise in the water at shore 
frequently against opposing off-shore winds as was the case at 
alveston, Tex., in 1900 and in 1915, and at Corpus Christi, in 
19. In such cases the off-shore winds force the water hack 
_ the storm, retarding the rise; then when the winds shift and, 
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come in with the storm, the rise in water is much more rapid al 
consequently more destructive. The diminished pressure ne 
the center of the hurricane will have some effect on the heig 
of the water. The weight of 1 inch of mercury is equal to th 
of about 1 foot of water. The increase in the height of t 
water due to diminished pressure at Galveston, for example, 
1900, with the barometer 28.48 inches, could not have exceede 
under most favorable conditions, 1.5 feet, whereas the storm ti 
was 15 feet. 


Recorps or WAvES AND SWELLS 


There are no records available for use in the study of t 
individual storm waves and storm swells and groups which rea 
the coast and cause the storm tides. A knowledge of the si 
and speed of these would aid in the study of the movements 
water in hurricanes. A definite knowledge of these waves wou 
aid in determining the location and intensity of hurrican 
Observations should be made along the coast, especially wh: 
hurricanes are approaching, of the speed and direction of wav 
and swells. The velocity of water waves and ripples is dete 
mined by the wave length. “Wave velocity = wave length 
wave frequency.” 

Fleming says this relation may be stated in another manne 
“We call the period of a wave the time taken in making one cor 
plete movement. The period in time, is, therefore. inversely pr 
portional to the frequency. Hence, we can say that the wa: 
length, divided by the periodic time, gives us the wave velocit 
* % 9 

“A formal and exact proof of the law connecting speed a1 
wave length for deep-sea waves requires mathematical reaso 
ing of an advanced character, but its results may be expressed 
a very simple statement by saying that in the case of waves 
deep water, the speed with which the waves travel, reckoned 
miles per hour, is equal to the square root of 214 times the wa 
length measured in feet * * *,.” é 

“The above rule for the ‘speed of deep-sea waves, viz., wa’ 
velocity = square root of 214 times the wave length combini 
with the general rule, wave velocity = wave length multipli 
by the frequency, provides us with a useful practical meth 
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f finding the speed of deep-sea waves which are passing any 
xed point * * *.” Count the number of waves which pass 
ie fixed point per minute and divide the number into 198; the 
uotient is the speed of the waves in miles per hour. Thus, 
ten waves per minute race past a fixed buoy, their velocity is 
early 20 (19.8) miles per hour. If V is the velocity of the wave 
| feet per minute, and V’ is the velocity in miles per hour, then 


1x20 _y, Bit Ween and aya), where “0” ie ithe 
ave length in feet and ‘ 


hich we have v=, or the rule given in the text. 


‘n” the frequency per minute; from 
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